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IXT'R()DLC'T'ION. 
r n .f uh T , l!H -1-, t h.. Califc)}"}) iH Ra ill'oad CO
llnl isslon puh] ishf'd th
 fl rst 
1'<<'IHII't of the Joint (1 0Jll1H ittre on IIHlll(.ti,'c Illtel'f(
rrn(OC to the COIn- 
lHissioll HIld aIT(1Hgt
d for fret' distribution of the report to intpl'csb'(l 
(.ngiuf'f'rs (11)(1 otlwr pal,ties, ,\
 e then tluthorized the COlllluittec to 
t'ontinup its work and thr pT'eS(
llt final report is the rpsult. 
('Olliplying" with ]'rqu(
"its. not or:.l,\' of tht' lnenlbers 'of the .Joiut COBI- 
IlIittt.(., hut also f"OIlI uwn\ otht'r soHl-ee..;;, we hayr d(>(.idrd to puhlish 
this final I'epol't in tlu--' S(llHP forlll as tht> first rt.port was puhl islwd. 
\\ t> ha\'(. Hlso ("oIH.lndt.d to puhlish jn hook fOl'Bi a 111l1nh
r of tilt' 1t>t o ll- 
nit'al l;t,!HH'ts of the 
foint ('OIl11llittt A p (:-;(.(' ..\pp(AJHlix II of' this l't>pt.H'1), 
and this plthli(.ation js uow in tIlt' eUHl'Se of pl'jllting- and will he f;old at 
(., 'st hy t lit, COllllIlission. 
TIt(> rules proposc>(l h,\T th
 Conllnittfe ha\'e b
t'n adopted by thp 
COlnmission aJHl Qpnpllll 01'<1('1' Xu. 5
. suprrspding G(AJ1(>J'al 01'<1(>1' 
:\0. 3
), .. In t 11(' :\Ia tt(--'r of the' (i onstl'll<.tion and ()pera tion of POWL'l' 
and CUllln1Uni('íÜioll Lin('
 for the Prt'\Tentioll or 
riti
ation of I nd!ll?- 
t i ".. r nterft>I'Pllct" ., effe
ti ve ...\ ugust 1, ] 
n "'. ha
 been issued. 
The ta.
k of the Joint ConlnlÌttee is no\v cOIllpletec1. The COHHllis- 

ion 
s appI'peia1 ion of the ,,'urk (lone "
as ê)..presS(Aa in a If-'ttf'l' of 
Xovr}}ll)(:
r 14, ] 917, to t1il A individual llielubers of t1w COllllllittce, read- 
ilq,!' in part as follows: 


"".. e a('knowlt>clgC' J'f'('(Aipt of final rt-'port of the Joint COlll1ui1tec 
Oil JndlH.tiv(> TII tPJ'f(--'J'f')1 ('r. (laÌt'cl S(--'ptt'lllhrr :!S, 1917. 
1 n re(.('iyiHg' this final report and in a('('l'pting the r0signations 
of tht
 nlCHlb('rs of the .Toint COJll1uittpe, ,,"e desire to express to 
I'êl(.h Illt>mher of thE' COBlInittt'l' our yery sinef're appreciation for 
th(' spl(.ndid ,,'ork \,-hit'h the .J oint Conlluitt('e has done during the 
last five 'Tears. 
The w
rk in its rOlnplrte fortH is a nlonnn1ent to this COllllnittee 
of \\yhic-h pa(.h J11elnber Blnst be justl:'T proud, 
The Raih'oacl COllllllission ,,-il] give prolnpt con"ideration to the 
l'f'eollunendatiol1s of the Joint Conullittep with reference to certain 
('hanges in Gpl1eral Order Xo. 39, The C01l1n1Ïssion is abo taking 
up the qne
tion of the publication in book forIn of a nUlllber of the 
tc('hl1ical rpports of the .J oint ('Oltllllittee. 
..A.s soon as the IBattpr of the publication of the book has bet
ll 
finally detel'n1Îned upon. the Railroad Conunission ,\-ill also puù- 
li:-;h in pmnphl
t forIll thp .Joint Connnittee's final report. 
The Couunission is asking' the ChairJl1an of the 
Joiut COlllu1Ï1t0e 
to lJutke the neeessary arrangt>UIPnt:s 80 that the records and eOJ'I'e- 
'\poIH1l'llee files of the Joint Conlmittee nlay he tJ'ansJnitted to tht' 
Hël ill'oad (\Hl1IUissioH for p0rlnancnt custody." 
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FIX.\T.J REPORT OX I
DCCTI\'E Il\TERFERENCE 


Nin('(
 the date of that ]pftPl' till' yalue of the lahor at'<"ol11plished by 
the Joint COllllllith
l) ]ws hPl'()]IlP eVPB 1llOl'p ;1 pPH I'Pl1t, and W
 take this 
ot'('asinn to exp}'PS!{ ngain Ollt' sincere appreeiation, 


C.\LTF()R
I..\ R
\I LROA.l) CO)I:\IlSRrù
. 
E, O. EDGERTON, 
II. 1). LOVEL.\
D, 
A LEX CORDOK, 
FIL\
h" R. DEVLIN, 
CtJnnn;.'isiuJU J'". 



alJ 1 1 "'êlIH"Î:.WO, Calit'ol'uia, 

(T)tt
lIdJt'J' I:{, En
. 



LE'l"fER OF 'TRi\:\S:\II1"J'AL. 


Septptnber 
Ì"t, 1!)17. 
To thr Railroad ('OJJlIlli....SlfJJl of tlu stale of r'aliforuía: 
ti-EXTLE:\IEX: X t'H rly fh-e YPHl'S HgO the .J oint COIHlnittpp on Inductivp 
IJlterfel'ell('p WHS organizf'd under the anspic.es of the Railroad Co 111- 
luissioll of the State uf ('alifurnia and heg1Hl its illvestigation
 with the 
ohjert of df'yeloping a hetter understè\IHling' of the subjpct of inductivc 
interferenee and parti('ularJy of a('(ll1Ïring infonnation neet'
"ary for 
('stahlishing regulatiolls which could he aceeptpd b
T all interests COIl- 
{.erned as being effective. cOlnprehen-.:i,-e and reasonabl
. 
Tn .1ul\., 1!ì14. the Joint COD1111Íttl'e rpnderrd to the Railrof1d (
OIll- 
Htission a' prelinlinary report eont3ining- an :leeount of its ÜIyestigatlons 
11 p to t ha t t i lll(> HIHI ine luding pro,-isional rules whieh "-('J'C r('{.OHJ- 
llwndpcl for iU1 nH'lli a 1 e :1< loption. These rules ,,"pre a ppro,-pd and it rc 
(']lIhodipd in your Genl
ral Order Xo, :ig. ,d1Ïrh is now in effect ill 
('a lifornia. .. 
III it
 preli HlÌllary l'pport th(1 .f oint COHIllI i ttee 0\1 tlinpcl fn rthpr 
iUYt-'stigations ,,-hi
h it seemed ilnportant to ll1ake preparatory to putting 
t hp rule
 into Inore penllanent ShHIH
 and asked 
-our authorization to 
(.arry on thp-,e inYestigatiol1
. Thi
 reqnest being approyed, the work 
\nts restBued and HIU(.h adtlitional inforIllation has sin('e herl1 ohtained, 
The past few nlonths haye hpt'n dpyoted to the preparation of a report 
out1ining hrieHy the HUlin feHtures of all ,,"ork donp h.\- the .10int COlll- 
Jltittp(
. This report. whieh is suhmitted ll()rewith. contain
 a lh'aft of 
n',-ist
d rnl..s whieh arp lwlieyed to r<',H'esent fI snh'4ê-\ntial inIprOYPl)}('llt 
n,-pl" thp rnl<>
 <."ontainpd in tlH' l
H-J. report, The 
foint COlllluittec 
l'p('olnnH'IHls that tht'sP ,,<,,-jspd rlllps he appt'o,-pd h,\" the Hailroë}(l (
Olll- 
ill issioll and is.''l1(--'d as a Ilt'W 01'( IeI' to Sll p(,l'
p(lp Gt'lWrH 1 01'<1('1' Xu. ;
!), 
.... \ n a ttPJlI pt ""HS IIw<le to JHPpt t lw llrgt'llt {lel1W ntl for in fOl'lnat ion 
tlpfining- the liluiting rplatiollships h(.t,n:'('n po,,-C'r and coltl1l1llni('(Üioll 
lilH'S whi('h ('onstitute a pandJel. It was fonnd. h()\n'yer. that suf1i(.j('llt 
infornu1tion was not at hand to satisf.,
 all parties 
IS to a basis upon 
whi('h these relationship'; rQuId h
 :-;(
t forth (l{'finitel

. 
,\'-hilp th(' subject of indul"tiyp illterfprelH.e otters an altllost int'x- 
}wustihl<> fipld for fnrtlwr iJl,-C'stigation. th() "Joint COl1l1UittC'(1 fepls that 
t h(' oh,Ï<'{.t for which it was fnnned ha'-\ now hc('n substantial h' 
(1('{.{Hnplished alld it SP('I1).
 lnHH
('l)SSar
- that its work should he furtlw'l' 
pl'olon!!('d, The rulps re(.ollll111'n(led will ('onstitute. it is hoped. a 
:--HtisfHctory l)êtsifo, of prol"
aure for seY('J'HI 
'{'ars at leëlst. ill dpaliug' 
with ease.... of ÌlHluetiye interferpllt'(>. aS
llllling a proper spirit of 
eo-operatiol1 anlong the eou1lHlnit's (.oJH'erned. The ruh
s thenlsely(-'
 
definitely ('all for and t'lllphasize the neee:-,sity for this eo-operation. 
In course of tilDe. no doubt. tlw expel'ielll"t' gained in the application of 
the
e rnlps. togt'ther with adyanees in the art, will Inake it d(

"}irable 
that the rules be rhange(l ill sOllie rt>spects. hut snch (.hange
 are thought 
to be a lllâtter of the lllore or less (listant future and not to require the 
tOBtinllan(.e of the .J oin t COlI1Jnittt'e. 
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}'rOlH titHC to tÏ1ne during the> ('oursc of this invcstigation Tp('hnieal 
Heports hayp been preplll'ed sett ing f(wt h in dptail the llulttCl'S which 
]Hn.e bepn stlH.1ipd and the l'l.'snlt...; aut! eondusioHS derivtld, There arc 
in an 71 of th('
w 'f'rehni()al Kpports whi('h are lisÌl}d in .Appendix II of 
thr report hprtl,,-ith tl'<lJlSIllitted. .\8 1hpy (,olltain a large a1l10unt of 
yaluahl (-' infol'111a tiOll and H 1'(' in fa('t th(' 01) ly nl('ords of lllost of t 11(\ 
data llPI'ivt'(l by the J uint COl1l1nittt't', it is pctrtienlnrly i1l1portant that 
the
T he rt'udprl1d HVllila hIll to pel'son
 intl'rpsted. To thi
 end, 1 h(l 

J oint COH11nittt'C' has 
.;wh
ctpll 3U of 1 hC' nlost yalnable of these 'f(-'()hn ieal 
H t'ports é111 d PH l'llèstly T'('('OlllllH'IH1s to the Hail road COlll1ni...;sion t ha t 
these be printpd in a suitable YOlUBlf' b
" thp Stat(l of California and 
0fferrd for salE' to lihraries. eollt'ges. eOlllp;ulip
, so(.ipties and individuals 
interested, Tlw reports recolnlnpnùed for puhlieatiol1 are 
o ùpsig- 
natpd in the list g'ivf'tl ill ....\ ppendix IT. 
Thc offic'ial ('opies of t he rr(l(
hni('èll l{epol'ts. othpr ol'iginal rceoJ'ds, 
ilJ}(l th(l eorrt'spondelwP tilps of the (\)l!nnittp(' are ready to be phWll(l ill 
the ('usto<ly of thc COllllll issioll. 
In tnulSHlitting- this I eport. ,,,hi('h 1llal'ks the eouclusion of it.s WOJ'k, 
t he 
f nin t (1011ll11ittpp d(lsirps to C'X pl'('S'\ its satÜJH(,tion at the d('gTI'(' 
of snc(-()
s whieh has ht1en l'PH('lwcì in eOlnposlng' thp diffprences fOl'uWJ'ly 
existing in California lwtwef1ll the power Cllld eOUllnnnieation intercsts, 
diff(ll'pnef"ls due prineipall

 to la('k of fanÜ]iarity 'with thC' physic-al 
aSl)('('ts of this subjel't. \Yhih 1 it ,you](l he too lllnc-h to say that thel'c 
i
 1l0\\- C'olllpicte unanÏlnity of opinion on P\'C'l'.V feature, still th0 .J oi lIt 
COlll1nittpp IH
s 1)('('11 ab]p, llfÌ(})' (,iI}'(lf1l1 cOllsidpl'ation of all informatioll 
CiVé1 ila hIp, to agree 111) 
lIlÎlllonsly u pOll thr present r(lport, J n the' 
Opillioll of the (10l11I11ittrf."' thp r(-'snlts êH'l'0}11 plislwd (llllphasiz("I strongly 
th(\ suppriority of a eo-oppratiyc} Ì1l\'(\stigatiolJ of this kind. \\"h(\I'(.hy t lip 
fl1JJ(hlH1Plltlll f;u,tl.\ al'p HS('pl'tFlinpd mHI ;l<'t(\<1 upon. as ('Oll1pal'pd with 
) itig-ation OJ' oth(ll' JJlf't hods of rll'hitl'cU'.\T s<'tt )(\IlH'ut wit bout t h(l h(.tlPfit
 
(l('I'i\'('d fl'olll sHeh in\'p..;tig'atiol1, 
In ('Ol)('ll1Sioll, 1h(' .Joint (iOllllllitt('f' Ülk('s plPHsul'r ill iwktlo\d(ldgillg' 
t.lnd, thr ('I'(ldit for what has hPPIl êu'('olllplisltpd is due I))'imarily to tlIP 
Haih'oad COllllUissioll of tl1(l 
tat<. of Califol'llia whi(.1t Ita...; ('oJlsi
1(,J1tl.v 
hel(L to th(' polil"Y of (l ('O-olwI'ntin} ill\,pstigatioll and Iws ('ordially Sllp- 
pOl,t(ld 1hi...; COlI1)llit1('(} ill it:-; wot'k, 


R(lSIH.(.tfnlly Sllhlllitt.pd. 
(Rig'll('(l) 
...'\. II. OHI:--:WOLO, 
IT. A, H.\IU
li
, 

T, 11
. \ \r ()()DBHIDG I
, 

f. 1./. ORD, 
\T, \T. RTEV
NðON, 
H.. ,Y. l\IAs'ncK, 
11o\v ARD. S, \Y ARREN, 
C. II. TEMPLE, 
_A.. II. 


. 
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Jl<;:--; T, SII \ \\', 
H f( , 1 r. \ I{ f) N . \ (j II S I';, 
J1'. Eì\JL';W"';ON Ilo.\H, 
,AUTJlLTR 1
', HIUI)(
(<;, 
.... \ . 1./ . \ V II.
O K, 
.f OliN 
\. .KOO
TZ;, 

J. P, JOLLY}L\N, 
P. ::\I. DO\VNING, 
B.\BCUCK. 



FINAL REPORT 


OF THE 


Joint Con1mittee 011 Indllctive Il1terference to 
tIle Railroad COfiln1ission of the 
State of (
aliforl1ia 


INTRODUCTION. 
This r
p()l't (1111 hodies thp results of an iuye-.:tigation hy the .T oint 
(4 011nn ittp(' on rndneti\Yt
 Interferenl"t', pxtpntling oyer 
 period of 
i t pproxi1nately four 
Years. The ta..;k UI1(lertakpll by this Conunittee 
""(IS a :-itndy of the probleul of interferpllce with (,olIlluunication (signal) 
toj 1'('uits <,ansed hy th(' ÏIHlu(oti ,'e pffeet
 of neÏ!!hhoring po\ver (electri(.al 
supply) eirC'uit'\. induding' fip}d expprilllPIl t
 and tests necessar,\Y to 
dptpl'lnine the ulHlerlyillg' ph,\-sit'(-11 feH.t,. and tilt.> preparation of re<'0111- 
)lIt
ndations to tlH
 Hailroad Conllnis
ioll of the 
t(-\te of California fo)' 
i1
 guidanee in luaking rulin
-; dpsigllPd to pl'eyent or 11Iitigate snch 
i J)tprfl
renee. 
....\ pre\Yious report b,\' this COllnuittet' to tllP Railroad COlluuis..,ion \Yë\, 
relHlered on .July 7. 1D14. elnbod,\-ing thp re
ult
 of the fir
t t,YO ypa)'s 
of thp invpstigation and int'lnding proyisionnl rules for the prevention 
or luitigation of indueti,'e intprferenrp. hílsed on the infornlation 
::tvailahJe at that tÏIne. Thp rult,
 therein rp('onunended were adopted 
h.," thp Railroad COlnnli
sion in it
 General Order Xo, 3!). effecti\'e 
...\ugnst 20. 191-1:, The previons r<>port also l"('ntain
 an outline of 
fllrthrr in\'pstigations ,,-hi('h thilo\ COllUllittpf' <,onsidf'red e:,:sential in 
ol'd..r that additiollal infornu1tion Inight hf' aequir(ld for al))plif
"illg' 
Hlltl )'p\'ising the ruh}s to In
k{' thp})) JllOI'(\ drfinitp an(l (Òonlplpte, Thp
(\ 
fll).t}wr inYrsti
èltions hn \.t} 110\\" 1}(.t'J1 ('ar)'ipd out. a", far as p)'a(.ti{'ahl('. 
èJJltl ('(ll'taill Hddi1 iOJlal 'nn'k (lil'(1(.te(1 toward the saIne {'!l(1 has also 
"pell donf'. 
TTaYing- ('o}llplph'(l tht
 fipld inyp..;ti!!atiolls and IU1\'illg' pal'pfHII
r 
ana},\'z('d antI st1HIipd (111 infornultion a('{'1l111nh1tt>d. the COl1l1nittp(> I1tH\- 
J)}I('M'llts its fined l'eptH"t, iu(Olndillg rf'\'i
p(1 1'nl(1'-1 for prf'ypntin!.! 0)' 
I'pdueing illdnetiyp intf'rfercll(,p, Tht' llP"" rulps are not radieallv dif- 
fprell t in su h-\hnll"e fl'ollJ the rllJf':-\ fOrIllPrh' l't}('olll111endf'rl a nd n
\\' ill 
pffp(.t ill California. hut are ('on
i(l<"rahl.'y ch'angrd in fornl ana arrnn!!p- 
Illent. Thf'
- are nlore spPf'ifie 
s to l"f'rtain of the requirenl
J}ts, InOI'" 
('(Hnph}tc in 
E'\'pral respe(.ts. les
 arhitrarr in betting phrsit"al lÏ1nits 
tn bp o},
eITcd. lllorp <,lrarly {,X I H'f'
"etl and it is helieye(l better ada I )tf'(l 
. , , 
to the <,onclitiou
 of practieal use, 
This report. whil"h eonh\ins an Hl"t'Ol1Ut of the Conllnittee's \\"ork 
f)'OUl tlw heginning. indudiug' that ('0' erpd hr thp prelilninary report. 
j:-:; diyided. for eonYeuit'lH'('. into thl'Pp parts as follo,ys: 
Part (hIP gin"\
 n hi..;torit'nl (I('('Ol1nt of thp l10Hnllittee's forluatiou 
and a(,ti\'itit's" 
Part T\\"o prt",";l'llt:-i. ill lIo11Ít}l'hui...al language', 
() far as possible. thp 
nature' of the snhjl'('t. a hrief l"PSllIUé of the principal facts established 
ur agr(>pd upon hy thp COlllllJittt'f>. HIHl a eon('i
p statelnent of the 
physieal prin('ipll's underlying IH'e,"plltive or rPIHedial llleasures. 
· Part Three contains the COllunittpe's fiual re('oHHIH'Htlationb for rules 
! 
together with explanations of tht
 SHIIlP in detail. 
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Fl.
L\lj HEPOR'l' os 11\ULTC1'l\'E Il\'TEHFERENCE 


PART ONE. 
HISTORY OF COMMITTEE'S ORGANIZATION AND WORK. 


Formation of Committee. 
The fornu:ttion of the 
J(}illt COlllltlittee on Indnetive Interfel'(-'n(
p ".as 
the outgrowth of ccrtöin differences in,"olving- pow.er. cOllllnunicatioll 
aDd railroad intl'l'(:>sts which ,,'pre brought to the attention of the 
Railroad Conunis.",ion of the Stöte of (ialifornia. 1.\.8 an alternatiye to 
(>ontf'sting the is
ne at th
t tin1l
 it ,vas agrf'f'd by the power and COln- 
nnlniration cOlnpanies. ,,'ith the approval of the C0I111nissioll, that a joint 
investigation 
hould be nHH:le to obtain certain inforlnation essential 
t.o a proppr solution of thl
 difficulties due to inductive illterferellce. 
1'he Conl]nis.
ion desired that the lllatter be thoroughly investigated 
hefore passing npon th(A geuf'ra] principles involvl'd in these difficultil's, 
To this {'nd a general confer(->nce Wé-1S called to select rept'psentativps 
10 fonn a ".Toint ComIllitt,,{''' enlpowered to l"ondnet trsts, expl'ri- 
HlPllts, find investigatlolls. the I'psnlts of whirh ,,"ou](l 
('rye as a hasis 
of l'P(,olnnH-'lldntlolls for rlllp
 HIH1 l'Pgnh1tions to lw issued h
. tll(-' COllJ- 
HlÏsf.;ion. tf-'nding to lniniu1Ïzp indll(.tiyc int(-'rfpl'pllCe fln(l physl(>al 
hflzard arising frolll parallplisnl ot different (.Iö
es of eil'cl1its. rrhis 
confprencp was held l)e('enlher 16, 1!)] 2. As a resnlt the 
roillt COIll- 
Inittee on Inductive Interferenc-e. representing tlH
 Railroad COllnnis- 
sion and railroöd, power and ('OJunlnni('ation intprests of the stêlh', 
"
as orgflnized and authorized hy the COHuni.ssion to conduct the desired 
investigation, 


Personnel. 
The personnel of the GOIlll1Jittc(ì :-\ple(.tpd IS gIven h('lo\\'. 
RC}JJ'lsruriufJ the HailJ'()od (loJJowissioJl: 

Ir. R, ...\. ThntHpson. Chief Enginepr. 

l J". .l\. H. f\el1(ìY, ASf.;ishll1t EngiIlPPt'. 

I r. .JêlIHPS rr. SJH-1\\". .\ssistrlnt Hêltp Expprt. 
1\1 l'. 
'. EItl(,l'solt TloHr. ..\ssistant 1
(-ltp ßxpt-'rt. 
llf'[)J'rs('uh"uyllailroad IHfrrrsfs: 
1\11". .A. IT. BHhro('k, Con
Hlting 

ll.(.tI"i(.(}l I

nginp('r, 
OHthprJl 
Pacific COlnpfluy. 
Ii( jJJ'csculing Td( phoJl(, and T(JIr>[JI'f1ph 1 uff}'rsts: 
l'f1'. .1\, II. Gri
wold. Plaut Engil)(>er, The Pa(.ifif' Tt'lt'phoJH' aud 
Tplf-'gröph (
oJtlJmll.\". 
.:\It'. H. \\r". Ol'a,v, Diyisiol1 HupPt'lutt'tl<lPtlt, \YC'stl'I"ll Fuion Tplt.- 
gt'flph COlnpanr. . 
.Jlr. C. II. 1\>] Hp!<>, (}pnprfll .Jlanag'pr, 1 Jllitpd States Long Distan('c 
Telephone Con1pany. 
l\Ir. L. ::\L Ellis, Genel'a] 
Iallagrr, l T niun IIoule rrelephone 
COlllpany, 
RC]Jres( utinf) PUlver Interests: 
1\11', II. ..A. Barrf', :Elpctrical .Ellgille(
r, Pacific Light and Power 
Corporation, 
:\11'. ]jouiç; Elliott, Bug-inerr, Great \\T estern Po\ypr COJupany. 
l\fr. P. l\I. l}owning, Engineer, Pacific Gas and Electric COlnpauS". 
l\Ir. 
T. 
J. \Y oodhridge, Chief Engineer 1 Sierra and San ]?rancisco 
Po.wer Company. 
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Sinef' tht} forlll
tion of the COllllllitt(l(:', through additions. resig-nation 
or death, the p('rxonn(>l of t llf
 COlllnlÌttpc> hH
 e hHnged as follows: 
)Ir. Louis Elliott r{1signed and )[1', J. A. I{oontz, Engineer of the 
Great 'Yestern Power COlllpHny, was appointed in hi..; place. 
)lr. 'T. '-, SteYen
c)n. Elpetrical Engineer of the Postal Telegraph- 
Cable UOlupany, and .
\[r. L. X. Peart. General Snperintendpnt of the 

Hn 
Joaquin Light and PO\Yer COlnpan
.. were added to the original 
IHPlIlht>rship L.\y aetion of the COllllHittee. 
)11'. R. .Â. Thoul}>son, Chairnw.l1 of the Joint (1 01nn 1Ïttee. resig-ne(l. 
-:\1 r, ,Yo C. Earle. his sueee
so}' as Chief Eng-illeer of the ConlJlli
sion. 
wa
 elec.ted to IJleUlbership all(1 ehainnanship. Suhseljut'utly .,Hr. .Earle 
resigned and )11'. Rit'hard H
l-hse. ,,-hu ...;uceeeded )f r. Earle as Chief 
l<:ngin(ler of the Railroad (
Ollllili.;;sion. was ele(.tpd a }))elnhpr and 
ChairnuuI of the Conllllittee, 

l r. L, )L Ellis rt>
igned anti 1[1'. R. "T. )[astiek. Transtnission and 
Proteetion Engineer of the Pacific Telephone and Telegraph (
olnpaIlY. 
was electf'd to JllPIUbershi p. 
)[1'. II. R. \\Y"arren. .Eleetrical Engineer of the ...\nlerican Telephone 
Bud T(>legt'apll C01l1pany. \\'HS t>le(.ted to honorary tnelnber
hip. 
)lr, .James T. Sha\Y, Se(.I'rtary of the 
Joint Conllnittee. re
i
n(>(l. 
:\Ir. 
-\. n. l{pllpy was eleeÌt>d to tl
r ot'fiee of Re('l'Ptary. The v
H'all
'Y in 
Illt'Hlbel sh i p t'rt>atet1 by HI(> rt--'sig-na tiol1 of .:\11'. 
hcl\v was Ia tt:'r filled b.v 
111t"> eh-'("tion of 
\lr. 
-\. L. \YilsOll. Assistant Ratt> Expt>rt of tht' Railroad 
(iollllnj
rsion, ::\[1', JHm('S T. Shaw wa
 é]pl"tf'd to hunorar,\ llletnhership. 
'fht> declÌh of )[1'. L. X. Peart created a yaeanc'Y \\'hich was fiHed hy 
the eleetion of )11'. J. P, JoHyntan. Engineer of EJretril'al ConstruetiotJ 
(If the Paeifi(, Ga" and Electrie COlllpany. 
)11'. .A. R, KeUe
T resignec.1. t-1nLl .:\11'. ...-\, F, Bridge, 
\

istant Elel'trienl 
Eng-int--'(-'r of the Railroad COIllluission. was elef"ted to lllelnbership and 
to the offh'e of 
ecretary. 
)11'. R. \Y. Gra
Y resÌgnt'(l and .:\Ir, J. L. Ord. Division Plant 
upe..iH- 
tendeut of the \Y e
tern lTuion Telegraph Con1pany, ,,-as eJeeted to 
111(:'111 bf'rshi p. 


Organization. 
The orgClnization and pPI';.muIH'l of the .J oint (ioll11uittec on Iu(luetiYl> 
J llterferf'IH'C ,,'el'f' approYf'd by the Raih'oad (
olnnlÍ
sioll ou J (-\nnar
" 
(-). 191:t al)(l the COIHluittt't> thp},(,UPOll proc'ppelt>cl with its tpsts (-tJul 
in \"t>stigat ions. 
For the lllore effi(.i(}nt eOI)(h1('t of its 'nn'k the .Joint COlllIuittee ""as 
divid(->d into sevpral snbrOtlllllittpes, (:Heh assigned tv and responsihll' 
for certain hralll"he
 of the il)\"e..;tigation, Th.. present organization of 
the Coul1uittee is gi \"en on a (
hart prespnted as .Appendix V. . 
Earl
T in its work the C()}nu1Ïttee (>!o4nhlished a field engineering staff, 
reporting to the 8ubcollHnittee- OJ) Test
. to conduct the necessary tests 
and invp"tigatiou..;. Thi
 fif'lll staff ,,-as at first C'olnposed of engineel':O; 
in the enlpIoy of The P
H-ifi(. Telephonp and Telegraph COlnpany and thp 
...--\llleriean Teh.'phonc.} and T(>legraph COn1I)(ln
T, and was later au
nnelltec.l 
l\y the addition of two eng-illf't>rs and a stenographer, el1gag'ed by the 
COHl111itt.-.e, SilH-r .August. 1914-, the sh'nogrClpher has })ern pro,"iòec.l 
hy the Railroad COllllllissÌon. In '\O\"fllllhrl" ]
)1-t a third pngin(>
r \\"a
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cng'Hg'ed b.\T the U0111Ulittep aIlll thl'P(' \\"Pl'(::\ ]'ptaill('<l in its eluploy for 
np(lrly a year. 
The (1üullnittce wishes to express it" H ppl'{-'('i:Üion of the [I ble luanner- 
in \\'hirh ::\11', Il. P, }1'err-is Ita..; 
npp}'\'is(-'(l tlw HnHI.vti('Hl anù theor-etical 
".ork, 


Investigations. 
P I'CY101iS to th0 fornwtio]1 of thp 
foint COHlln itte0 in D<'r<>Jnh0r. 1 !J12. 
'l'h0 Pêwifil' T
]('phonp and T('lpgl'aph (iOlllpanr had shu't<'(l HIl inYe
ti- 
gation of induetiyp int(>}'fp}'('IWP 1)('1\\'('1'11" tIlt' litH's of tli(' Coast COllntips 
Ow; and EI('(.tt'ic j COB1})Hll.\. aud thp lin('s of the h>lpphonc l"Olllpany in 
th(' npighhüdlood of 
Iol'g-an IIilJ ill 
atlta Clat'(I County. This in\'Ps- 
t iglttion was l'olnplf'ted hy thp COllllHitt<-,c and its rf'sn1ts hè1\'e 1>P<'11 
('()))
i<1('red in l"onneetion with otlH'l' work tarrip(l out hy tlw COlllluitt(-'c>. 
In 
January, 191:1, the COlllHllttee e.;;tablished its field staff at Salinas, 
to in\'estigate parallels on the 11tH-' of tht' Hit'tTH and San Franeis('o 
i'owpr COlllpany north of 
Hlina.
 [Iud on the line of the Coast Valleys 
Oas and Electrir COlnpany south of Salinas. both of these power lines 
hping- parallel with thp 1ille
 of The:. Pal'ifi
 Telephone and r-relegr-aph 
(ioIìlpall.\", tlir 'YesÜ>r-ll l "Ilion Telegraph (\nnpëHlY and the Southc>t'n 
Pw'inc' (1uHlpany's si
plal1 iug sysh'lll. The ill \'psti
?:at ion a t Salinas COl1- 
ti'lllpd frolll .1HnUa}'
'. ]
)1
1, until July. ]91;3, 
Thp work lItHle}'Ìitken at Stl1illèls WèlS for'tht' plll'()()I.\Ü of (lPf<'}'lllillillg' 
(1) tlIP Jllag-n1tllde and ('hal'it(.f<,t'isties of th<' 1ndlH.tion J)I'odul"cd in till' 
C'oltllIlUnic'atioJl eir(.nits, the' fH(.to}'sin tll<' })()\\"('I' (.ir'ellit ('allsing this 
in(lll(.tion èlnd the' qlwntitatiy(' n'latiollshipl.\ illvolve'c1; an(L (2) the ef1'ct.t 
of the ('onditioll of t h(' n('lltntl (gr'ollrHh-'(l or Iloug-rollndeù) of the' 
autnÌ1'[lI1SfOrIllpr;o; at Salinas, on thp iJ}(lu(.tiol1 in thc cOIlunnnicatioll 

ircnits. 
Tests \\.pre 111(1<1(> of tbp indu()tion in tIlt' eOlllllllUlieation circuits, both 
north and south of Halinas. llnd(::\r opt'rating ('onditions of the POWf'I' 
(.ireuits and ,,'ith thp neutral at Salinas alternatively grounded and 
nongronndrc1, Tests were also rnadp with speei:1l111cthods of energizing' 
the }J(}wpr cirenit, in order to (lptpnnine the r<>lative inlportance of 
yarious fae-tors in causing the indlletion, This deterll1Ïnation was also 
J1Hlde by tht'orptieal lll('thod
, h
y f'OJnpntation of induction baspd upon 
the diruensions of thr parallpl invoh'ed, and the resu1ts c0l11pared with 
those:' of the tpsts. Instruuwnt transfornlf'r- rquipHIPnt was investi- 
gated in orùer to detfJrnline the errors ther-pby introduced in lneasure- 
tllcnts of HiP power-cir('u1t voltages Hnd enrrentl.\, 
III July, 1913, the field headqlHu.tE't's \vere 1110ved to Santa Cruz. 
.At this point th<> (;ollnnitt<>(' dpsirpd to tf'st the rf'lative merits of various 
sf.hellles of transpositionç;;'{< for hoth powpr [In(l tE'lpphone f'irenits, [lllll to 
rOlllp]ete thr investig.ation 1wg:nn (it -:Uorgall Jlill on the systenl of thc 
Coast Counties Gas and }
l('etrif' Company, \\'h1('h SystE'll1 is of a dif- 
ferent charaf'trr frotn that stndi{-'(l nt Salinas, ...\ Blathematiral stu(ly 
of transpositions in g'l'llpnd, and particularly of those for the paralle] 
bf'tween Santa Crnz and 'Yat
mlville was cmnpll,ted. 
During thp tj Ill(' the fi<>l(l hf'arlf1l1arters of the Cornlnittee \Jrere at 
Santa Cruz, the rrpol't of thp (ionnnittee to the Railroad ConunissioH, 


· Wor definition of "tran:mu::;ition" seE" page 32. 
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datp<1 
THly ï. 1!H-1. was pre"Ìf'lltt'(1. This report (1ontainp(l (In art"ouut 
of thp forlnation of thp COllllllit1 pro its aeti,'iti0s and thp l'c:'\ulh; aceOlll- 
plished np to that dah', HIHI a 1...0 inchllll'(l 
uch rerOlllnlrll,l:1tions for 
ruling's b,. tht-- Hè1ilro(1(l Conl111i

Ü()n. ;-1" SPPUIP<1 ju-;tifie<l to thp 
( Ollll;1Ïttt-'
 at that tinlP, In addition, therp "'a
 giyen a progranl of 
fntnre work drsi
tllP(l to PHt the (101nnlittpP in po:-;sp
sion of infornla- 
tien whil"h \HHlhl perlnit lllaking- the rel'olHBlendrd ruling...; luore definite 
Hll(l ('olnplf'te. 
In a leUpr of ëll"knowlpdQ'111ent to the ('ollnnith'e the Hè1ilroad Conl- 
1l1js
inn appro,.pd the prognllH of fUÌlll'e ""UJ'l\: whi('h was laid do\,-n 
ill thl> rpport ând authorizpd the ('olltinnèl.uee of tlu. COllll11ittpp's 
inn.stiG:atioJl..., This pl'ogralll eOlnpri..:ed PX(H-'l'Í1l1t>ntHl 
tudié
 hoth of 
1 raJlspositions and of residual:J!: voltagps allll l"UITell t.; of po\\-er cir('u its, 
TIt(' stud." of trallspo."iitiuns inchllletl: (1) tht-' detel'IUination ùf the 
J>>l'i)(.ti(.al effe(,tiyene:-;:-:. in retlueing- iIldu(.tioll. of s)'stellls of power RIHI 
('OJIlBlun i('atioll eÏr('uit tran...position
 properly ro-ordinated with each 
úthpl', with c()lls.idpJ'atioll of diffel'pnt lengths of halaured sections; (
) 
the iufJnel1('e of ÌlHperfel"t el(?(.tl'ical bahuu'(? of rOIllJllUni('ation éircuit
 
j n Ílll pairing tlH-' effeeti \'f'ness of t [,(\llsposition sysÌf'H1S. and (3) practi('al 
f'ffl'eti\.eIH
ss of tl'HHSpositiol1s ill a power cireuit i,-;olHted frOIH ground in 
ha1arH'ing the \.olta
f'''; lwt\\"f'Pll thp sP,'erHl ('olldul"tors and g'round. with 
('ollsid(.I atioll of thE' rebtti,'p f'ffirit'nl"
. uf balTt:'ls** of different }pngths. 
T ht' st IIl1y of l'p...idna 1 yo1tagt's H nd en ITPnt"Ì ill('1 uded an expPI'illH'nta J 
ill '"('st ig-H tiOJl of (liffpl'Pll t ty pP."; of PO\\"f'l" Systpl11 eonu('etioll ") and 
ilpparat1h with 1't'spl'l"t to tht' pl'oduetioll of ].('sidnal volta
t's and ('Ul'- 
l't'llt
. of lU('(Ul
 to bp enlploy(.tl to linlit tht'iI' Inag-nitndf'''' and the 
(ll'tl'rmilwtiull of the 1I1iniHllUJl ya1ues whi('h will prutlul"e harlnful 
iudu(.tiye intpl'fpI'(
nl"e. 
Th(> ,n)l'k OUt1ilH'll in this prog'r3111 ,yas l"ontinu(>d at Santa Cruz untiJ 
Xoyclnhpr 2.1. 191-1. Thp f'xperÍ111ental study of the etÏecti,.eness of 
t:'allspcsitions in power and tOnl11lUnil"ntio11 (.ir('nit"Ì undertaken at this 
point ('ould nut he ('arried onto (lue to lack of suitëlhlp equipulellt. An 
in"t->..;tÜtation of the pffec-t of yarious transforIner ('onneetion
 and uf 
thp luagnet it' density (?Il) ployrrl in trHnsfOl'llWl' iroll on the residual 
YolÍi:.g'e
 and ('url't:'nt:-.. introduet'd in gl'ounded-lH'utl al networks by 
tH.h 
11'H nsfo1'llH:'),s was lw!.!,"l1n. ] II addi ti011. frolll 
ël tl ta Cruz a
 head- 
quarters. 11lea-.;urenlf'nts "'ere Iuade with portahle è1ppal'atus Ht yarious 
puints on the syste1l1S of the COêtst Counties Gas and Electric COlnpany, 
the Nierra alHl 
an Frane-is('o Power (ionl pany, and the Pa('ifir Uas and 
Eleetri(' COlllpany in order to study their ('hat'Hl"tpl'isties with l'Pspf'et 
to rpsidual yoltag f '." and C'urrents. 
Un Xuveulber 
.1. l!n-J-. the fipld hpadquat't(.I'S and laborator,. of the 
Connuittee \\"ere 1l10Yf'd to 
all Fernando. Thi:, loeation offered a 
nUlnbel' of aCh"antHg('s for pXlwriulf")ntal work, the ('hief one being the 
j)l'espnce of an H11lls('(l thit
tY-Sf'Ye11 ]nile 1.),()(I()-\'o1t line of the Paeifi
. 
Light and Pow(>r Corporation wlli("h ,yaS Hyailah1p for tt>stillg at all 
tillles. ...\ tf'lephollP eire-uit ('aITif'd on the ;-;alllP pole..; with the 15,OOu- 
yolt c'ir('uit was al
o è1,'ailèlh1(., coü..;titnting H parHllel for experÍlllental 
purposes, In additioH. trans'fol'uH
r
 were IOëlnl'd b\' the Pa('ific LiO'ht 
. ;:, 
anù Power Corporation whith, ,yith other transfonllers alreat1y pro- 


· For definition of "residual" see page 33. 
** Fur definition of "barrel" see page 32, 
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yi<led hy t hr 
it\rt"a HIH1 
êln FI'illH"iSt.o Po\\,pr l\nnpany. ga,.c OPPOI'- 
tl1nity for earrying' ont t I'HnsforllU}r Shl(1ips, . 
The prin('ipaJ experin1pntal ".ork nndertak(,11 at RHn FerIHHHlo 
('Olnpl'i
wd studie" of the fa(.to!
S aff(-'(.tiug th(' residual voltages aIll1 
('UIT(:>nts of power èireuit:s, the effectiYeue:ss of transpositions in 
hi1huH.ing powrl' ('ireuits and in 1}(}lltl'nlizillg' in(luetiye effeets, and tht' 
}Hag'llitllch
 of indlwtiye etfec.ts in short. uniforrn, nontranspu:sed sel'tion
 
(If paralJeL Con('("'rning the rpsi(luHI ,'oltages :lud eurrents of POW(}I' 
('ir'euits isolate(l frolll gTOHllcl. the inyestigations inelnded the efferts of 
tl'ëlllspositiuns. leakage. H{'eidenta1 ground,"\ (11)(1 frequelH'Y of altt'r- 
nHtions. CCllc'l'l'ning tht:> I'esidnals of grounde(l-nentral {'irc'nits th0 
in"hÜig-ation in("luded the effe(.ts of lllagnt'tie density of the tI'{OIS- 
fOI'lllPrs and of Yal'ion
 rOlllH"'('tion
 of the transfornH\r ballk
. In 
pr(}pal'ing fOJ' the latter study a <1iffieulty \'.:ll-ì pnt'ounterp(1. <lue to largl> 
douhle-freqtwllt'Y rpsidnal \'oltages and ('urrents. apparently ppcnliar 
J,h(ì}}onwna pre\'ionsly Hlll't>cordt'tl ëlnd prohnh1y of ral'e O("t'urrenep ill 
praetit'l'. The
e wprp in\"rstigatpll to a YPI'
T lilllih>d extent, for the 
pnrpose of devising llreans to o,ypr'('01l1P thPlll so that the prograll111H'd 
tl'sts lnight he (,iHTipd out. 
'rhf' :l\'ai1ahi1ity of both an idlr pow(
r ('irc'uit and an idle te1ephoHP 
(.ir't'Hit, the} t.OlHlit ions of ,,-hi('h eonl(l hp nlrie(l for pxpt'riIlH'ntal PUl'- 
l'OSPS, 
:m \'e [In ex('pllp)} t oppol'tnllity for study i llg induetioll and th(' 
('fft>(.t th('I'('011 of hoth po\n'r and tp)ephOJ}(, eil'{'nit tr'ïH1Spositions and 
of 1('JppholH' ril'('uit ullhalaIH'ps. .An (ìxtellsivp spri('
 of tpsts \\'a
 Juade 
10 (h'terlllinp the ratios of indut'pd \'oItagt' in the telepholH> eir('nit 10 
indn(.jng voHagt ì or ('Ul'I'("'lIt in the power ('irt'nit under different ('on- 
ditions of operatioll of thp powt-:>r ('irl"uit. for èI shol
t, uniforln, non- 
t"Hn
posetl SP(.tiOll of parallf>l. Th(''''ip rHtios. tel'HlP(1 coeffi('ipnts of 
indl}(.tion, \refP HI"'io ohtain('d in(lepl'IHlentl,\. h
. {'aleulations based npon 
physical dimensiolls of the line. Thp ['esuIts of tht' two intlpp('ndpllt 
dt>tel'1I1ination
 were eOlnparpd to Hseertain the praeticability of obtain- 
ing coeffi(Òipnts of induetion fOl' other eases h
. ('(nnpntë1tions thereby 
elill1Ïnating the ne('essit
. fol' tests. AdyantHg"e \nlS takl'n of the 
opportunity at Sail l-é"lernan(lo to llWHsnre tlw residual voltages and 
('UITents of thr Pa('ifie Light and Power Corporation's 15,OOO-vo] t 
}.:ystPlll to su ppl(,ll1l'nt t hl' si HI i1 (t r UlPHSnrellH'l1ts prpvionsly nradt' on 
oth('1' 
ystrlns. 
On 
J Hnp ] ï, ] 
n:>. th(' headq UH rt('rs of t h(' fipld staff were 1110ved tu 
Ran j1"'raneiseo. where the work of Hnalyzing the San }-é'ernando data 
,,(tS eornplrtC'cl. .At San Fprnanllo t ht' (\nn III ittee's energies ,,'er(' 
ìargf'ly eentrred on eonlplpting thr expl'riuH>uta] work, hefore the PO\\,{}I' 
]il1e wa
 l't>quirt}ò. for sl}ryiep. 
It WH
 pndeayorpd to Ilia kp the ana lys(>s antI rrports as thorough and 
('onlpJe'te HS possibl('. For eaC'h of the suhjerts pxperirupntally investi- 

'ated at San Pernando. thporptieal Htudif'
 wpre uJld(}rtakf'D at SaIl 
j1"l'raneisco, ".hi('h in sonl(' {'asps \\"('l'(} lHud) C'xtendpd in seope oyer that of 
the eorrespoIl(ling (}xpprin)(\nta 1 work. ,Y11f'f(, pos
ihle, the expcri- 
Hwntal and thporetieal rf'sults wpre ('Olnparpd, The effe(.ts of cir'{'uit 
configuration, or èll'rangt'Hlt>nt and l'e1ati,.e 10('at10n of conductors, 
tra}Jspositjon
 and fr'('(lut'lH'Y on the r('sidual voltages and CIll'I'pnt:-; due 
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to thp Ii Ill' ullhalall('e of po'\"er ('ircuit, isolah.ld fronl ground. and thp 
..ftP(.ts of Hl"(.idell ta 1 grounds. w(-'re invt'stig-H tt'd froIH a t hpol'pti('ê\] 
shlntlpnillt. _\ study WBS Jlwdp of the r{)IHtioJl of Illagnpti(" densit,'- of 
tht) transforuwr iron ana of transfor1ll()r c'onneetions to the rt.lsidual 
voltliges and C-Ul'rPUts of triplp frequenei(>s therphy lntrodl]('ed into 
eonnp('tpd {.i,'('uits, .A. rpport '\"lIS pr(-'pared giving foru1nlas for tlw 
l'ompntatioJl of eoeffi..it'nt..; of indu(.tion in ('oUIJlIUni('ation ('irc'uits 
pèlra]]pled hy ptnn)r (.ir{'uits. int'luding' an t'xphulation of thp dprivHtinn 
of thp fOrnllllèlS II nd ('onYPIl it'll t forBh \\-hie h hat 1 ht't'n dt'veloppa fOl" 
s:\-stplllati('ally carrying out sHeh éQlllpntatioIls, 
To dpternlÍJl(} the pfft'et of confi
nl'ation and l'platÌvt) position of 
p()\\"pr and C-olll'llUni('ation ('ircnit
 on the induetion in the latter. an 
t>"Xh'n"iivr 
t'rips of <"onl put a tions hll
('d n pon the (Ii 1llrnsions of ë1SSlllHec 1 
f"llSP;o; of parallplislll. was carrie:>d out. Thp results of thi
 study cOl1lpris() 
2]..J. enryr :-\hret
, ('onta inin!! OYf>r :1.000 ('uryps, hy th
 aid of ,,"hi('h tlw 
"a lut's of th
 ('oeffit'ient
 of ind uetion for tho"\e eà-.;es of parallp] i<';111 
whi('h o('('nr nlost cOInulonh r 1l1HY be deterulin(-,tl. 

\nlot)g the Ï1nport<1l1t ;'pl)('rts prepared at 
än }'ral1(.isro ið one 
}'p,"i(
,,"ing pre,oion
 work and prf'senting ne,,- data on th
 suhje:>l"t of 
(.o-ordinliting powPI'-('irc'uit 
n(l tp]pphone-c'ir('nit transpositions a,; a 
llH'HUS of rf'thH'ing- intrrference. A n
w telephone transposition 
ys- 
1<']11 (1t'y(-'Iop(
d hy the 
\))Wri('lln T(.lIt'phol1e and Tplegraph COlnpany, 
lèU"g'C.J.'" in rc
spOlJSt
 to the nepd for a 
yst
nl of t(
lpphone transpusition...; 
h
lying in('reaspd ft
xihilit
" ill rp:-.ìpert to eo-ordination with PO\\-<:I'- 
(.in'nit trèll1'-\positions. is r1
";t'rihed and its US(1 illu"\trated. 
-\s exalnpI(}s 
of eo-ordinated tran:sposition systenls, plans are prpsf'nted for all thp 
pH I'èllJels whieh ha\"P he:>en experÏIuf'ntall.,' inyestigated by the 
l 
oulJnittee, 

-\pparHtus suitahle for use ill tht' experilllental '\"ork of the C0I11- 
lllitte
 \\Ya
 not l'asily obtalllählt' alHI in lllauy instan('t's it ""as llec'p";Slll".,r 
to dt'sign ëllH1 deyelop sp(-'('ial apparatus for ('ertain of the tést:-.. r 11 
easps \dlf'rf.> a ppara tus \CIS nut a ,ya illl hit) for lllt'asuring de"i rpd 
qnantitie:>s dil'eetly. it \\"a
 'W('P";";ä]'
- to dpyelop lllethoùs of nWHsurelnent 
'xhprphy tlwy Illig-ht bp obtained indirel"tly. 
TII lÌeeiding frOBI tilll
 to ti111e upon its IH'O!!"ël1l1 for future ,,"ork, the 
Couullittpp has found it nel'eSSêH'Y to forllHIlatt' Hud ('onsider in dt
tè1il 
luan.,r plans of (")xperi IHen tation ,,: hic-h ha VP llr'-er bppn carried out. It 
hèls not Hlways het'll PèhY to dt'(.idp upon the he
t Ioeation for rarrying 
on H pa rtieula," ill\'Psti.
a tion "'hell (-'a(.h of t hp st',oeral ùifferen t po,",si hIt' 
}(wèltiollS possessed f"erta in ad "è1llta!!es, To tlt'eide hptween t hp}]] or to 
c'hoosp brt\\"éen different pI'ogTanls of work ha
 ll1f'ant that th
 .sl
YCra I 
plêtllS un(ler l"ollsiderätion }};ul to bp ,,'orkecl np in l'on
id(lrahl
 <I('tHi1 
]wforp thr prepOll<lt'rHll('p of ëHhoantage in fllyn!' of :-.Olne one pro('('dnre 
('0111(1 hp ()
tahlisheù, In spypral t"HSt'S plans for "-ork rt'gar<1ed as 
partil"ularly desirable had to hp gi\'f'n np h{'('au..;p the,'- were found to 
]w tou lahorious. 01' for otlwl' reasons "y{}rp not feasible. 
111 the ,_'our!o)t' of the ill,re-.;tig-ëÜÍon ,,,evt'nt.'--tHl<
 Tp(.hnica1 R()port
 have 
hp<-'n prt'p<lI"pd. ,rhit"h des(,,'ihp ill <1(,t(1il tlIP yarious fl'Htnrt'
 of the \\"ork. 
thp ]J)pthod and apparatus t'nlplo
"('d and the rpsllIts aeeonlplislwd, 
Thf'
p repoJ't:-.. SOllW of w h i('h a rp rp('OUIllH'IlC le(1 for pu hI i('a tion, è\l'(' 
lish
d in Appendix 11. 
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.At Ow rl'qu
st of th() ConnnHtE'fl, hthoratory in,.{-'
tig'atioll" Wl'I'p lHad(. 
ill Nr,v YOl'k h
' the AllH'ril'an TelpphollP (HId Trlpgraph ('oUlpallY, 111(' 
Poshtl Telpgra ph-Cablr COlnpany and th(, \Vestern I 
 nion TeIpg'I'êl ph 
( 10)}} pany to dptpl'll1111P the dpÌI'iuwn tal eft'(-'(.ts of pxtra neonsl,v inti 1H.pd 
('Ul'l'('nts 011 the oIwratioll of telephone and telf1graph rircuits. RPIH)l't,-; 
of tIle results of these lrl\Testigat1ons \\'(-,l'e sulHuittcd to the COlllluitt(,p, 
Thp:-.;p are (1lso listpd ill 
\pIH'lldix If. 
A t va rious tilllPS d n ring the l'onrs() of its \\'ol'le the COlllJll ittp(' has 
("(,ntrihutt'd di

Hssions lwfol'(, the ...\lllf'riean institute' of Elpt'Ü.j('(ì L 
l

llginel)rs. The ('OHllllittet"8 report of 
T1l1y 7. l
J1.t was presrntt'L1 at 
t lIP Rpokê1JlP C('11"l'11 tiOll of tht' 1 ustitute in 
eptl'nllwr, ] 01-1, êlnd lai(',' 
[It Ine
tillg
 of the 
i-nl FnnH.is('o and of the l.ioS .Angeles s
etions of tlw 
] nstitu t(.), On each of 1Iw
(-' ()('('a
iolls ('OlHidel'(l hIe discussioll was 
bronght forth, III 
Junp. 1913. at thp Opel' Park Convention in <'01111('1'- 
tio]} with p6"'I>Pl'S p J'PHt'llte<1 Oil t h(' 
n bj(-'('t of i rre
!:ula r powel,-('j I'('U it 
,,'a"f>-fOrllls. the (iOlllI11ittel' SnhJllittpd a dis('n
sion froul the stan(tpnint 
cf 1nl1u(.tiv
 interff'I'pllCl'. Tn Rept
ln1wr. 1913. at the Panama-Paeific 
(iOllYPlltiou the (1()Jl)n1Ïttpp slIlnnittpd H di
('nssi()n ill wh1..h thp pl'ogt'(''-\S 
() f t hp "'ork fl
01H 
J nl
T. 1 n 1..1. to 
l'pte'lllbpJ" 1!)1;). was dPS('I'ih,,(L In 

Ppt(>U)h(,l" l!)1fj. êlt tlU' ('Oll"('lltlon of thp Institntp IH'ld in RI';lttl('. 
t lw- COllllllitt(.(. SlIhlllitt(.t! ël <1i8(,Hs
ioll of a pal,er prps('utpd on tlH' 
suhjc(.t of irregnla I' WH"C-fOl'I11S. 


Finances. 
Th
 funds r"(11111'('d fot' earr',,"iu!! on tll() \\,(I1'k of tIll' (iOIIlHlitt(.(' ,ypre' 
('olltt'i hnt('tl hy n-t }'io\ls te'lpphOJH\ P()\"('}' êll1<l tplpgTaph (,OlIl pa II it's. 

lH'h (.ontrihutioJls \\'P},e' HHH1r at t 11p 
ta l't of tht' in ve
tigation and 
1 1t11HPtlintply êlftpI' Hw "t'port rplldprpd to t hp COlnnli
sion 011 .J 1ì ly 7, 
l!ll-l. Furthpr Sll pport ,,'as gi \'1'11 in thp fnrni
h ing. by thp rail road 
eonl pa II it's, of fre(' tra nSpOl'tH tion to HI<' COlll111ittre Jncluhers iHH l 
('IHployr(-'s while on (ionInlitt
r hnsinrss. and of th
 COlllJllittpp'
 pf{uip- 
l\lt'nt; hy th
 telephollt' f'on1panil'."Ì of the sf'I'vi(.(--',-,,; of thpir enginf'prs on 
the' "'ork of tilt> ti
]d 
tHff; and by thp RHih'oa(l Conllllissi0n of tIlt' 
stplJogra p hrr an(l sta tionpry snppl i(.s. TIH-' tillH' ,,'h if'h the COnll11 j1tpe 
JllPI)} hpl's dpyot(}d to Ow ""or1\: was W1 t hout ('ost to tilt' (i olll1n ittpr>, 
ft is ('stinH1tpd that thl' total ('ost of nIP iuyp"tig-atioll is BIot'C than 
* 100,000, 
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PAR1' 'r\Vo. 
EXPLANATION OF PROBLEM AND SUMMARY OF RESULTS. 


Nature of subject. 
'-rhe objert sought hf\l'pin is to 111
"('l'il)p what iHdUl"ti,re illterfprpll(,(- lS. 
using as ffll' as pra(.tiPHhle n(HlÌ(>ehlll('al terllls, for the belH'tit of 1 host' 
not fHlniliflr with rleetrical theory. 
Thr transtllis."ioll of I>o\n
r 
lp(.t r'i(.all.,? h.\
 ,,"ire rircuit., in (,itlwr 
h\rgp or SI1Hlll quantitips requires a ClltTPut of electricit
r. ....-\lsl). to 
Illakp electrif'ity fto,y, there lnnç;t he in the ...ir('uit a l'oltage or. in other 
""ords, eJpctric pres."ul'E'. as all l'irruits offer Inore or Ipl3s resistance or 
illllwdance to an rleetrir current. If the voltage is produced directl.\
 
hv a hattery it foret's the plpf'trÜ> f'urrent around the rircuit in one 
(Úrection o
h', 
Ul"h cnrrent is rfllled direct or C01ltill11tJlt,
, COll- 
tinnous yolta'goe and ('urrent Ina
" ê\ Iso he pl'odn(.ec1 h,\? RH eleetrie 
Q'cnerator, and this is the comlnon pra('tice for street raih,rays, 
hut on Illost othpr po\yrr linr" the g.'("}llprators produ('e an nlfrl'Ha.fillf/ 
,"oltage.-that is a ,'oltagf\ ,,"hit.h during f\arh short intprval of tint{' 
known a
 a }J('ri()d (usnall,\y not long-PI' than one twenty -fi ft h of êl 

(,('()1}(1) yaries in yalue from ZE'l'O up to a 11laxinnl1H, then dilninislws to 
z('ro. increases to a nHlxinnull in thp opposite direction, and th(
n 
d illl i n i"hes again to zpro. l'PpeH ting- thil,; eye If\ of ,'aria tions throllgh S1H"- 
l'('(-'ding e(IUal periods. Thus. the voltage and th
 corresponding l'l1l'- 
"(,llt rhange in diref'tion or altprnatr twic-p each period. TIH
 llulnlwr 
of periods or cycles per serond is rallf\d the frequency. 
Thf\ voltag'e ass(h.iated with HllY elertri(' rir(,11it is a('(,OIHpanle<1 hy (III 
('lectric field of force, or condition of 
tre
..;, in the surrounding spRee. 
,,"hose intpllsity is proportional to the YoltH
'e" .A t the saIne timp the 
(.orresponding- electrie ('urrent is a('collIpanÌpd by a 11lagnetic field of 
force whi('h ol"l'upies the salue snrrounding slHwe aIHl whose intensitr 
i" proportional to the current. Thus an,\' ('hangps in the nlagnitude or 
<lirertioH of thp voltè1KP Hnd l'lllT(
llt. snell HS tlw nlternatiolls deserihed 
ahoye. are aCf>oIllpanied hy cOrrp"I)()nding ehangps in their fields. The 
iBtpn
ity of these fields of force. in genpral. dinlillishes yery rapidly 
,,'ith inert'ê\sillg distance froIll thp eirl'uit. 
(iollyersely. any other ('1r('11it ,,"ithin the.;e fieh1s of force win hH"(' 
voltages and l'urreuts 
et up 0" .. ilHlu('ed" in it. ,,"hen ('hangp
 ()(":Hl' 
in the fields. that is. whrn the voltHge or éUITPnt of the first eirenit 
('han
'es. PO\\'er (.i rcuits of the a ltprna tillg'-l'UITPll t type. IllOSt ('OJ,I- 
1J)()uly ell1plo,\'ed in PO\\ PI' trallSInissloll, haying their voltages Hlld 
cnrrents eontinually varying. will rontilluH]]Y induce voltages and ('111'- 
l't'llts in a neig'hboring' COllllllunication cire-uit. Thesr induced voltag'rs 
au(l currents are eyiden
l
 of the ahsorption of energy frOlll the fields. 
Thu
 one cir('nit illtiuelH'ps another hy thp transfer of energy fronl the 
one to the other, without any contact between the .wire
 of the t\\'o rir- 
cuits. This phenO))lPllon. t;rlued "induction. 
, has long been known, 
and has luany useful appJieations in elpctric-al pngilleering, 
To translllit signals Oyel' a ('OIlUllUllil"atioll (.ire-nit it is neepssar.r that 
thp power USt>d, and thus the yoltage and current. vary fronl instant to 
instant, Tn teh'phoue l"lr('nits this, ari(1tion is ('xtr(,lllely l'Olnple
, till' 
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('l1l'l'el1t Whi('h rf\produ('ps th('" hUlllan voi('(1 in a distant telephone' <'Oll- 
:-;istillg' of 
 llU1UhpI' of emnpollf'nt 
llllplp ('l1l'1'pnts ,'arying in frc'lflH'n('y 
ft'OIn élh01lt 100 to -tooo r,vdPR ]wr SP('OlHl. For tplpgl'aph cir'('uits the 
va riat ion is 1I11I('h less ('OIH ph.x a Ild t h(:> fr('CJ \H-'lH.ic's of Hw i III por
tal1 t 
('OlupoIH-'nts of tl1<' \'olh1g'p HlHl ('UI'l'(>nt (11'(' Ip
s than :JO(J l'y('Je...;; IH'l' 
Sf'('OIHl, T II hot h ew;ps the Sigl1H 11 il1
. inl pulse's Hrp SPilt and }"('f'pj v('(l hy 
ctf'lil'att"i lIlP('lwnisJllS, and the' èlU101Hlts of po\\'<'1' requin>d ar(' ('x(.ppd- 
i ngl
? sHull 1. pH rt i l'nhll
l
? fOl' tc>lt'phonp (.i rl'U its. \\rl wn ('U1H JUl1ll j('c'li ion 
(.ir('llit
 i-1rp ill th(' fipld of illfi1H'I}('P of a p(nH'[' ('in'nit thp I"è\tp at. whieIJ 
PIH'rgy is transferl'cd to tlIl']}l h.,' ind u('tion 1\lay be C01H para hIp ,,"it h, 
01' ('\'C'1l larg("i}' thall. 1 h(' pO\\'PI' l
e(l1til'pd few thc.'il
 opPI'atioll. althol1g-h 
('JltiJ'(>I
T illapp"C'eÏii hh
 ('oHlpHl'ed to that of t1I<' pO\\'f"ir ('ir(Onit, Ff)I
 
eXêllnpl('. th("' PO\\,(:1' rpqnired to opel'ate ;:1 SIlIê111 iIH'Hlld("isel'nt huup is 

uffieient. if dire(otl." applied. to ('allSP a 1011(1 uoi
p ill sf'vpral million 
tplephollt' r('('l'iver
. 
For po,,'pr ('irt'uit
 of t h(' ty pe 1110st ('OUIHlonl v nspd in Cêtl ifnru ia, 
the freqnen('
? is ('ithrr 50 or (iO eydps. pér :-\N'OJl(l. Thi
 is tlw fuuda- 
JllPntal frpquPIH','" of thC' ,Toltagp êlnd ('urrpl)t. rpprpsenting u
wful pOWel', 
hut th('r(' a re also present ill PO\\'('I' (.j I
('H i 

 ot her \'olta
\>s r1 nd (1UT("illtS, 
lIsllaIl,v of r('lativpl

 SIlJHH lnag-Hitu(h>, of various higlwr fJ'pq1H'J)rirs lip 
to SPy('ra 1 hundred (.yell's per spcoud. These higher frequencies or 
IlflrJlloui('.'i of thp fl111danH'lJtal frl'Cjl1PI)('
T. art' th(' {'h1"{ ("nl
t' of intt"il'- 
ff'l't'n('(> to Ì<'I<'pholH' ('ir('1Iit.s, siu('(' t h('," èlJ
l' of thp ft'("iq1H'I1I
il'
 of tlw 
SO\1IHl-\\'avps of tlw Inllnall Y01('P. at whi('h th(
 {c>lepl}(Hll"i is 1Host 

("illsitiy(', On th(' othpl' haud, tlH' ('hipf jlltprfCI'{>IH'n with tph"'gl'è\ph 
('i reuits is (.a us('d hy the fundanlC'l1 ta 1 or lIs('ful fl'pqnerH"Y of the POW('I' 
(.j r(' nits, ,,-hi<. II lllost IH'HrI.\? corresponds to the freq 1lC'IH'Y of the {C'le- 
g-raphic impulses, 
Thf' c1is1Hrhall('f'
 thus eanspd in te1f'}>ho11f' eireuits lllanif('st thPlll- 
sf'lves 3S hunnning noises which ÌInpái r th("' inÜ>lligihility of 

ou v('I'sa- 
tion and f'ansC' annoy
n('f', Tn telegraph l"irruits. ehatterillg of tlH' 
relays is rauspd, the intelligibility of signals is Ï1npair'ed, and the speed 
and ease of transnllssion ê1l'e reduèed. 
l'"ndpr ahnol"lna1 ('oll(litiollS the ill <1 Iwti,'p distul'lH11H't' due to a powel
 
circuit ]nay be vpry grpatly in('reased, \Yhen sudden changes take 
plaf'e in the conditions of the pu\,'er cir('Hit such êtS those rau
('d h," 
enf'rgizing or de-energizing- thf' circuit, or "'hen a wire breaks and falls to 
ground, I'plativf'ly larg-e aUlolulÌs of t>nergy lllay be suùden]y. intro(hwed 
into the cOHullunicatioll eir('uits. These 1l10lnentary inlPulses n1a)' he 
suffirient to constitute a physical hazard, to operate protective df'vicf's or 
to ('ausp severe acollsti{' 
hocks to telpphollP opprators or users, 
Byic
ft
r. thpn, inducti\'e interferell('c Jlwy he defineù a
 the ÏJllpai r- 
]\}('nt of thf' sprvi('pi-1})iIit,\r of ('onllllHnÏ<'atioll (.ir('uits l'C'sulting frOJll th(> 
transfprpIH'e of ("inf'rgy jnto thenl. through int('rvf'ning spa('c, frolH 
llpar-hy power ('ire'Hits, Thf' shHly of in<luetivf' int('rferl'llee dpal
 
,,'ith thf' factors affe(,ting the 111agnitl1de and character of the induction 
and their rf'latiollshipc;;. tlH
 attendant dptrinlf'ntal eff("'cts on \"ommuni- 
(,;:1tion f'ircuits and thr IneallS to he (,JHployc'd in oveI'('01ning üe 
rnitigating 811<,11 intel'fprenf'e. 
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Summary of facts established, 
I t SP(
Il1S (lesi J'a hl(' to 
1I11111l(1 rií'1' hri...tiy t lw lH'j Ill"i }>31 tpehni('al facts 
regarding inductiyr intpl'ferpuce, whi('h llWY no\\' br considl'l"ed as 
l>stahlished. Only the IHùst Ï1nportant point
 are Inentione(l here, a 
ll(.tailed te(.hllical dis("ussiou being gin-'n in the Technirè11 Rf
port
.
 


1. Pl'inlilry Cnw;e. 
.A..'{ preyiOll
I
" 
hown in di..;eussiug' the ,. Xature of 
l1h5pf t," the 
prilnary l"ë1UsC of inductiye interference is the presence, about tIlt-' 
po\\'eL' (.ir('nits, of fi(
lds of influence whi(-h vary in intensity flolll 
instant tû -instant, usuall
r in p('riodi(' or cy('lie fa"hion. COliUllllllil"a- 
tiuu ('ir('nits ill rl'gion'\ wher.. these fiehls are of appre('iahl(
 !-:t"('llg1h 
:!hsorh ellt-'I'(.r," tlwrefroln, In' "indu(.tioll, " \Yhen the rate at whil'h 


 , 
thp (>lwrgy is thus ahsor1wtl is of the saUlt:' ord("\r ()f lnag-nitnde a-; thp 
powt>r rt><1 uired for tlw trallSJllis-sioll of signal", the illlp U 1
ps !
e('ei vpd 
at tht' tel'lninals of the communication circuit are distorte(l and th(' 
sel'yi(,pahility of thp circuit is itnpaired. 


2, Inl(l"flrence to Telephone Circllifs-Harulonics. 
TYndpr Borlllal operating conditions of the disturbing power f'ireuit'\, 
interferenee to telephone circuits, 111anifésted by a hununing noi:-ie frùll1 
the telephone receivers. is dne ahnost entirely to the higher haJ'nHHli
s 
cf the power-circuit voltages and currents; for the reason that 
u('h 
harnlonics eover a eonsiderahlt' portiun of the range úf fre(Jnenl"il
s of 
hlllllan speech. at "rhieh telephone apparatus is nlost sellsiti\.e. 
Ex('ept when the interft'relH't. is \'el'." slight or \'t'r.\' seVert', tht'} detri- 
luental effe("t of extraneous current in a tt'lephone re('t.\iver inCreafo;f'
 
<lpproxÌluately in dire'(.t proportion to tIlt' lUë1gnitnde of thp ('Ul'rt-'nt. 
IIH'I'ew.;ing tht. fJ't>fjUf'll('Y ('(luses a yer,\' rapid in('J'ease in the detri- 
11l(lntal pffpl"t (roug-hl
' as tlw S(llHH'l' of the frequeney) up to ahout t)UO 
periods {)f-'L O sel"oud. heY(HH 1 wh ieh t hl
rp is a graåual d(-'('l'pasl
. \rht'n 

W\ eral fI'P(lUPll('it:s are prt>,"wnt ill thr extranf\OUo
 t'nrre
t. the resultant 
dptl'ilnentaL eifet.t is ('ollsidel'pd l'oughl.,' proportional to the sqnare root 
of the :'\ll111 of the 
quart-'s of the 
eparate efÏèl"t:s of the 
evel'al single- 
fl'P(1l1Pl1l'Y ('OlllpOllt>lltS, though thi", rpLatioll hw
 not been definitely 
estahliðheù, 
The higher hal'nlOnics which are irrebJ11larities of the voltage and 
eurrellt wa\'e
 of power circuit
, usnally result fronl: 
(a) flesig-u and (.onstru..tion of generators and JnotoJ's. wherehy 
pure "i]1(-' wayp shapps are olll

 apPI'oxilllated; 
(h) tll(. ust' of iron in trètllsfoJ'lllf>I'S tUlller" ('oIHlitiuns êlPIH'oal,h- 
iug Uuu!llptie saturation, thl:-'I'('b.'" (.ausillg: distortiun of thp CUITf'ut 
(t ntl yultagl
 wavPsj 
((.) tilt-' pl"l':-it'Jllo(' ot (.l('l.tt'it' ar('s in 1lIt' t.il'(.nit, as in SOlltl' stl't't't- 
Jig-htiug- s
 stPtllS, 


Tht> h ighel' hal'H10lli(.
 w h jeh ('Ollllllollly U(TU LO Ül nlternating-(.url't>1l t 

ystenls are odd integral llluitiples of the fundalncntal frequency. 
They are of 
uffiei('nt lllagnitllde to 1J(' of iUlporhuH.e, often as high as 
nineteen tinws the fUIl(laIHt'ntal frpquent.y, ìJ1Hl havf' hpen ohs("\l'vP<! as 


* Listeù in 
\I)pendÌ\. 11. 
4-i>
'1:S:?
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high :is the :15th or<1f\1'. Iligh frfl(l\lf\IH'

 \yoltages and cnrr(-
llts also occnr 
in - dire(>t-curr(lnt Systf\lllS, I IH r-Jl}onies (other than the fundmllental 
or first harHlouic) ar
 not psselltia] to tlw fUllctioning of power SYStpU1X 
and lna\
 be SOUl'ce
 of trouble therein, 
Indu
tion of the fundanlE'lltal frfl(]llpncy of pOWl
r circuits (b
lo'v ] 00 
('y('les per second) is thp caUSfl of very little inte1'f(-'r-enee to telephone 
eir(.uits, eX
t'pt ,,-hpn its llw.gnitnde is 
ufficient to eonstitllte a physical 
hazar(l, or to operate gl'onn<1f\d signalling <l(lviees, as both the hnnlan 
..ar (u1<l t(-'lephone appal'Htlls are BlIlCh less sflnsitive to thest' relatively 
low fr('qu,llH"ies. 


:1, Iu[c,.[(]'ulcr tv Tdc!jralJh Circllits, 
(Tudpl' lIol'lIwl op<,rating ('oIHlitiollS of t ht' distlu'biug' POW(l" ("j 1'("11 its. 
illtpl'Í't-'re!wc to t(l}egTaph ("it'(
lIits, 1Ilalliff'stpd by thf\ l'(llhwtion ill ("ltlal'- 
ncs:'\ and nUlxill11111l spepd of sigllalIill
. is (hiC to lJltlueed e1l1TPIlts of 
fUlldanwn tal fr(
qlL<}'WY and, to a Ii Hl itpd (lxfeut, frC(luencies of the 
lower harmonics (chÜ-'fty the third). 
'relegraph re('eiyillg instrlll11t-'lltS' are rt'adil.,
 I'esponsivfl to these 
fr(-'quellcie
, because they approëleh the nortnal operHting frc(lUelleies 
of telegraph translnission. Tt-'lpgraph instrullwnts are not sensitive to 
the highpr harlllonics. Other 
ignal ei reuits (f(llpphone ciI'ellits 
()xeluded), in generHI. resP1Ilh}p t(--lpgraph cir(>uits ill bl>ing 1l10st ê1ffeett l (l 
by illdlu'ed ('lllTPUts of fluHlaulpntal frequency, 


4. Ba7anced and Residual CUU1punents. 
In analyzing inductive effects. it is ("onvenient to (livide the powt'r- 
(
ircuit voltages and currents into two general classes: (1) '
balanced," 
with respect to the earth as a nputral eonduetor or point of referPlw(', 
and, (2) "residual," cou)pletely unbalanced with respect to the earth, 
i,f., Clnploying the rnetallic power-circuit condu("tors, as a group, for Oll(
 
, '
ide" <Inù the earth as the otlwr side of their t'ircuit. 
" Balan("ed" cnrrput rOlnpont'nt
 in the several 
onductors of a pO\Yer 
('ir("uit are 
lH'h that :-It eV(lr.v instant thpÎr algeb,'aic sun) is zero. 'l'he 
algehraie 
urn of tlw total ellrrt'nts in thfl seyeral conductors of a power 
eircuit at any instant is thf\ .. l'esidual" ('UrTf-'Ut. RÜnilarly, thp 

'balanced" voltag(-'
 of the sevf\ral eondurtors are such that their alg-e- 
hraic SUIJl is zero at e'.ery in,-;Üult, while the algehrHi(" SUBI of thp 
total voltagp
 to ground at èlny instant is the" residual" \yoltage, 
As an exau)ple. a trolley ("il'("uit. eOllsisting of an ovprhead trollt-'Y 
wirfl and" rptlll'Il" through rails and (larth. is ("OIHpletely llnlwlau('fld 
with rf-'spe(.t to t h(' ..:\[,th. its total voItHg'P and (-'urrflll t beÎ ng rps,id lW 1. 
On thf' other haud. a t\\"o-wir
,
 (.i)",'uit having })o BIt.taBie connp(.tioll to 
('a1'th and its two sidps 

ïlllB(--'tt'i('ê!1 with 1'pspe(.t to the (-'ar'th's surfa("(-' 
and not in close proxÏIB i ty to ot hPI' (. i I'('nits or ohjp('1 s. would IHl \'P no 
r(>siùuals. thf\ volt(1gps to parth of 11)(-' sid(-'s of tlIp eÍl'("uit h(
jllg pqual and 
opposite and tl1(> ('\lITt'llts wholly ('onTIued to thp lHPtalli(. ('ondu(.tors and 
tlH'refore equal and opposite. i,p" in hoth ('HSl'S balan('(-'(l. 
'fhis classifi("ation of the voltagps and ("UrreIIts is of basic importance, 
since there is no genprally applil'able r()lation betwPfln balau('ed and 
rt'sidual C0111pOllPnts or tlu'ir indu("tiye eff(
('ts, aud furthf'rnlOre sinre 
the rf\luedies for induction froll) halêll]('ed and residual voltages 0" ('111'- 
)'('nfs al'(l of1 PI1 f\ln tlanH"
 t a ny di tfpI'('nt. 
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Th(ì ('in'nits ('OIH}}J(Jl)ly Plllrl()

(A(l iu po""('r tl'HnSIHIsslon ..HIll 
distribution or(lill
l'ih" hèlY(A hoth (.hlssf's of ,'oltëtg<':,: and ('Ul'l'put..; in 

llffi('ient lHagnitu(le 'to require attpIÜioll. '\Ïth exreptions, 
nch a
 
t rolley cireuit
 3 hove Inentiollf't1. the halanred ('onlponent" of fun<la- 
H1f>ntë;1 frt'qut:'ncy are the useful energy-transferring a
ent.s. while 
hp 
)'(>sidual'S are the result of in(.idental (lifferenee-.; between Ideal desIgn 
HIlll eon
trul"tion of line and apparatus. 
Ôving pprfect halanrc. aUli 
dt'sign and c-nnstrnetion whi('h approaeh this condition suffieiently 
for cOlllmel'c,ial operation. di
regarding.. illdlH"tiye effects, 
Both l)(1lan('('<1 and residual yoltagt's and currents ('ontain harlnOllil"
, 
hut tht' general tendelley is that till' residuals ('ontain greater IWl'('Pllt- 
èl
('S of Ilèu'H1oJli(.s than do th(> halan('t'tI ('oluI)()}lPnts, Besidf's. lludpl' 
S;)H1P ('oIHlit ions (flis('llsst'(1 in .) IH'low). a 
('I'il'S of hal"UIOn i(.". ()(ld 
IItuJtipll's of thl'('(, tinH'
 th(' fuudanwntal fl"P(lUPIl('Y. appl'èlr Ll
 r(>
itluals, 
bllt not i 11 the halan(:('tl eOlll ponen ts. 
I uduc.tiY(j eft('(.ts fronl l'e"iduals are usually of greater inteusity than 
those froul halèlnet'd yoltage-; or ('urrellts of 
tlUal nlagnitude. The 
ratio of effects frOIH these two sources is p:\('epdingl
' variable. rangiuÇ! 
frOtH about two to 
e'-eral thousand, The relati,'ely g-reater induetion- 
pl
otluc.ing po,,'pI' of l'e
i(luals is dlH
 to the faét that the residual conl- 
ponpnts a

ociated. \\"ith the 
èveral conductor...; are all "in phase" and 
tlwir iuduc.ti,'p effet.ts tllPrefore ('unluhlti,'e. whereas the sevf'I'HI 
halaured cOlnponent,; are H out of phase" (by 120 degree
 in a threp- 
phas("1 systelll) and henee their resl1lhuIt induction is a differential 
t'ffeet. i.e., the inducti\
e effects dUf> to the balalleed cOlnponents partially 
neutralize ont' another. 


3, Caus(s and RllUrdÙs {ot' R(.
idllals. 
r"nhalanet's or inequalities anHHlg' the (1thuittanc'es to groun(l of thp 
!,p'"PI'al ('unduetors of a power cireuit cau:o:r residuals of the frcquenl"ics 
}H"PSent in th
 '"oItagt:'s beÍ\Yf>en ('oudlll"tors,* In a S'"stelll without 
11lptal1iC' ('olllle(.tiou to pal'th a residual ,"oltage is prod
lced. 'Yith a 
groulldt'd-nentral systern a residual <:urrent i
 produced anll the rpsidual 
voltage due to unbalanced linp adUlittê:1IH'es is greatly reduced, Unbal- 
nn(.(-,d athllittan('es are (.au....pd by: (1) differences of position of the 
(.onduetors with l'<:spf'<:t to gTolulll nnd to ()lIP another. heing' a function 
of the C'oufigllratioll. heig"ht ahon
 grountl. loeation of grouI
d-wires and 
oth
r neig-hhoring ohjects, ëlIHl to a SIUHU extent. of 
ize of t'ollductors; 
and (2) rlitf(>rt-ju('f's in insulation resistHIH'f'. as lUay he due to defe('tive 
insulators, Tran"ptJsin
 the t"onduetol's. whi('h te;ld..; to equalize their 
reh-ltions to gronnd all(1 to one another. is an pffpctiye relnedy for 
nnhahu}(.(-.d C'apaC'itRIlce. 8u('h teanspositions HIllst hf' located' with 
prolwr rpg'Hl'd to (.hHngt>s ill ('onfiguration. and at short enough 
d istanf'f'S fronl paeh otlwr so that tlWI'P is no IlIH teria 1 (liffel'en('p in ÚIC 
{.le(.trÏ<'al ('OIHlitiOJIS at two 
\I<.h point
 at any giycn instant. Of 
('onullonLy o('l"urrillg' ('onfigur'ations thf' ,.quilatPl'al triangular is llH)st 
n(-a rly bal
 IH'pd. hent'P eH nses t}w lpè\st rpsitl nals dne to ullhalanrrd 
eapw.itan('e,"'Ï, while tlip plane (,ollfi
:nrations, espf'cially the nnsynl- 
)netriC'al horizon tal. H rf\ the worst in this respect. The rellwdy for 


· It is to be noted that the unhalances here l'eft'rred to art' not unhalancf's sw'h as 
tho
e cluf' to singlt'-phase loa(ls lwtween line <:ondudor
. 
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tlllhalalll"('d i"";IlIHtioJl I'PSiSbIJl('1' lil's ill ('ill,(.t'1I1 flliliJltl'Jlilll('('; fOI' il \\"(,11 
c'oJl
tl'nc.tt'tl Hllel IIwillblillC'cI S\'Sfc'll1 this is 1Is1Iillh. not all illlpol'tan1 

onrc't-' of l'C'Sitlllêll
,' . 
] n a pO\\"f>r Systt'1l1 }un"iug IOHds ('Ollll('('il'd l)()t\\"P('ll t Iw sp\,('ral nH}- 
dlH.tor!o\ and gl'oul1tl (as in a stal'-('ol1n()('ted systeHl wi t h gl'OlllHh'd 
Jle'U trals). di ft'erpnc'ps arllong t he loads of thp several p hasps lnay cause 
HjsidHal \'olta
:rs and ('u1'rents. <1n0 to pa It of thr load being supplit'd 
through a ('ir('uit rOllsisting of ('onduetor..., with ground "return," 
] np(lUalit ies of ratios or ilIlpedances HIHong the transformers of a bank 
also cnnst' residuals ill 
n('h a eil'euit. Thp (>\'ident renl('dy is careful 
('f[nalization of loads, and the usP of like transformers. Rpn10yal of 
the gl'ollnd path for unhalanc'ed load l"nrrents, al1o,,"ing only 011(' 
II I'ntl'a I gl'ouncl. is tlw 1110St l'ffe(.tiyp a n<.1 l'
l ia hit, r'l'lH0dy for this :-;on r('c 
of rpsidllal ('urr(>ut. 
,rlWll a transformer hauk in a thr('('-]>hase systelu is COI}}ll'l"tpd in 
star with n('utral gToundell. ha1'lllOni('s of thrf>e tinH's the fnndatH('ntal 
fl'PltlH'I}('y. and o
ld lllUJtiplps tlwreof, appt'ar as rrsidnals, on thl> 
groluHlf>d-neutral sidp, This is h(>t"iln
(' of the variation of the per- 
Jlleè1bility of thp tl'ansfonnpJ' iron with varying 1l1agnetie density, 
(.ausing- harillonics in transformrr exciting- current" or in their indu('e(l 
voltages, ... \8 thp tri plr-h:n'nlOni(" ('OlnponPllts ar(' "in phase" in the 
thrc(' transfonnprs. triple-harll1onir l'('sidual voltages and currents are 
prodll('(>d if the nc-'utral is 
..!Tol1nded, Oplta-('onnrf"t(,<1 ,,-indings on s11eh 
a transforrner hank provide a shunt path for these triplf'-harlÍ1011ir l:OIn- 
ponents of the exciting l:urrrnt. and gr{
atly les...,en the f'psidnals whi{"l1 
III ight otherwi..;e he causp(l on thl' grounded ll('ntl'al :-;idc. Since the 
Inag'nitudr of tl1{-'
(' re
idnals deel'Pëlst'S vt'ry rapidly as the lnaxillHlIll 
Jnag:nct if' density i.., r('<111<'l'd, lowering thp yoltage illlprC}ss(}d per turn 
of tll(' transforllli'r windin
. or sl1b-.;tituting tran
fonners of lowrr Hlêlg'- 
II c>tie (l{'nsity, is a ver.v pff('('ti V() J'Plnpdy. r solati ng the n(,lltral of a 
1 t'iHISfol'nH'I' hank plilllinatt's it a
 a source of tl'iple-harulonir residuals, 
OeJ)(>r'atol's with sÌêu'-('onnl'(.ted arDlatHre windings nHIY (.ètllse 
}'psiduals due to: (J) in()qualities aHlOllg' th(' voltages induced iu the 
St>vl'ral winding.
; (
) d(lparture froBl it1pal phas(' difft'l'erH'PH, ] 
o 
d('gI'í'í'S for a thr(>p-phasC' generator; (;
) triple-harlHonic voltag(\s of thp 
three \yindings b(..ing in phas
, bl1twecnneutral and line trrlninals. 
,rlWll a gellPrator is ('onIH,(.tpd to the lillf' ('ith('r directly or through 
é1uto-transforrners, J'Psidnals art' thus ransed only if thè generator 
110utral is gI'OUIH1{'(1. \Yhpll ('onnp(.tt'd to the' line through tl'anSfOrlHel'S 
residuals will result froln these ('aUS0S if the transforrner bank is stal'- 
star ("ollneetpd \\"ith line-side neutral groundt'(1 and station-
ide neutral 
eonncetpd to gell('rator n(-'l1Ì raL Thl-' l'eIncdies are: (1) ('areful tlr
igll 
(-IDc 1 ('onstrl1(.tioll. (2) avoida I)('r of groundf'd nentra I or trallsfornlC>f' 
(.Ollllf'ct ions IWl'llJ itti ng' t l'êlIlSfol'llJi-1Í ion of g(-'lle'I'è! tor }'(-'siduals to Ii 11<' 
(as hy tht' nse of a dl'lta ('onn('c.tion OJ) tll(> g"0IH'J'ator side of thp 
11'il HsfOl'llll'I'S) . 
TII(, grounding of tl'aHSforIu('I'S, tr'allsf()l'Il)l'1' hallks Ol' g'l'nl'l'HtOl'S a1 
lIHsyuJlII(,tl'i('al poillts of thl'il' winding's 1IIlhahlll('C'S till' C'1C'(.tl'i('ally C'OIJ- 
Il(.('tc.d (.ir('uit aud tlll'l'phy ('êHtsC'S a 1'C'sidlial \'oltage' and elU'l'puL 'fhC' 
}'('lJwd,\Y is ohvious. 
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fj. F'acfors 
lJJccf;Jl!J Int, us;l.'! and Jluyuittulc 1)[ Illduf'lioJ/. 
(a) Oillu IlsiOllal F'act()l'.
, r n !!pneral. as the horizontal separation of 
l)()\
-('r antI COllllllunieation liuf's i
 inereasf'd. the induction d('('rpa
t's Ht 
ö rate yarying, rough]
-. frolll direl"t proportionality to ahout the thirll 
PO\\-t
r of thf' separation, That is. douhling the \o)pparatioll reduces the 
indurtion fronl unity tn 
c}ne value het,,-een one-eighth or less and 
one-half. The rate 
f deerf'a
e is les....; for l1u-tgnetic induction than for 
(>]e(.trir indl1(.tinn and le
s for illduetioll in grounded circuits than for 
induction in lnetallif' circuits. 'Yllen the disturbed and disturhing cir- 
('nits are ,"pry (']osP toO'ethpr thp ratp of (lp('I'PHse JllaV he less thHn 
. 
, . 
statpd ahoye and in SO]lI
 in!'tilnees. notilhh- with the yprtica]- 
('or:figul.ötion })(Hn>r ('ir('1Iit. tlH--'rp may hf\ an in
'r('H...t\ of indl1(.tion at 
first. as thr 
pparation ÜH'r(")H
es. 
Othpr thin!!s ht'iJl
 (>(f1w1. tlH' lUë-Ig'nitud(\ of th(' 11\dtwtioll ilw)'t'asf'
 
11('(1r]y ill dir(.(.t propol,tion to tll(' 1('ug1 h of Pêu.alIt'l. 
Tht> (.tHlfig-1II'atiolJ of a pow('r (,i1"("1Ii1 has a ]arg(> jlJ HIWlJt.(' on 1111\ 
in h'nsity of t 1]1' i uti u("tion frmll ha IH IH'(>d \'olta
!."('s a Iltl ('IUT('}} t
. hut êI 
\"(-'IT SlHë))) illtiIU'}}t.(. 011 in<llll.tion frf'JIl rp"i(hw]s. Xo on.. ('ontig'1I1'êltioJl 
('0.;) mOl) 1." ('111 p]o.,'pd ('H}} h(> 
(']('(,t('d as un iYPI.sall.v sn {)('rior. si n('(' t h<.-- 
our gi \'iug' thl' least intI neti'"e effp(.t tIl'pt>nds 011 the spaeillg of t hp COIl- 
dnl"tol'H HIHI the rplati,'p po"ition of the two (.lassp
 of eireuits, al"o 
upon the type of induetion. eh-'etril" or 111ilgnetil". ,,-hich preponderates. 
[lldu('tion frOJH halan(oC'cl ('oulponputs inerPHses uparl,'" in c1ir('C't pro- 
portion to the spaeing of power eondu(.tors. but induetion frOBl 
l"t'sirhu-ds, pa rtieular1y resi( hull ('nrrE'1l t. is only slightly affected hy the 
('()ll(lurtor spatOing, 
The intpnsity of thp tIirp(.t il1flu(.tioll in llletallie rOllllllunieatiol1 (.ir- 
('nits dppl")llcls ]argf'I
' upon thC' arrangC'lllent of the conductors alHl 
illl'I'l'ëtSl'S ill tlir(-'(.t JH'OPOI't ion to th('1r spw.ing (for t"'o-condu(.tOl' 
('1r('Hits in a giYE'n plallP) ; hut th(-, indu..tive eff('('t..... on th(' ('OIHlu(.t()}"s 
a
 H g-J'onp. with rl'ff-\},Pl1('(, to the pa rth a
 a nputral ('on(ltwtor. 3rp O}}]y 
sligohtly êlff(.(.t..d hy the spêH'i}lg' 01' arl'angenlent. 
(ú) RI, ('trical Porto/.s. Th(} intlHl"f'd ('1l1T(>llt in a ('OlIlIHUlli('atioll 
eir('l1it in('l".>asps in di1'e(.t proportion to the 111Hgnitnde of the ,'olt;.
... or 
('urrpnt in th(' powpr eireuit whi(.h ('ansps it. èlnd approxilllateIy in }>1'o- 
pOl,tioll to the frC'quen('y of thl' induC'ing voltage or current. 
..As stat('d aho\TE'. residual voltag
s or currents produce ulueh lllore 
iJltpuo..:e intlucti,'e effeC'ts than halanl'ed YoIta!!es or currents of the 
aJl}(--' 
lliagnitude. - 
Thf' }lla
nitu<le of the illdured current is ("ollsiderabh
 affeeted by 
1h(' anlOul
t and l'harH('h-'r of linp and of terlninal appa;atns h('twee
l 
the Pêll'allel or sourer of d1stnrbanee and the recl'i\.ing in
trunl(-'nt. 
TIH
 1)]'inIHr
p t'tfel"t of sueh 
eetiuns of ullexposed line Hnd appal'atus is 
to dinlinish tll(' rt'('ei,'(--'(l C'urrent. 

t'y<>ral f'olnnluni("ation ('oneIu(.tl)!'" on ont-' ]int' tplHl to Hhit'ld (HIP 
:lnotlwl., I t i
 g'('nPI'êll I," êls"\unH'd t ha t gl.OUllt 1- ,,'i n';-.,. H
 (OOlllnlolll
. 
('111 p]o.'"p<l for I iu-h tn i ng J)}'ott-,(.t iOll 011 powp!" litH's. a 1'(' sh ipltting' a 
.('ntso 
This is t "lit' wit II I't'SI H,(.t to i lid 1I(.t i \"(} I'ffl't.ts fl.Olll r('sid ual YOlt;lges au(l 
('IUTt'lIt
. hut 
H('h 
1.OHlld-\\"ir('
 IIlH'" ill('l.('ê)SP tht' illtt'llsih r of the 
indue.t ion f1'011l ha la 
1I"(.d \'()Ita
l's ê) II; I ('U ITent..., In" (I istolti(;n of t hI' 
..Ipt.trip èllltI JlIê-lg"IIl'Ì it" fit>]d" ahout thp plt\' ('r eil.('nit., 
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l TsiHg' tlw wcl1-knowll laws of eleetri('it
r and magnetif-;IH, it is pos- 

ihle to deteruIÜl
 hy eUHlputatiolls the effect of these variuus fal'tors, 
hoth (lÎlnensiollaJ <toll elp(-trieaL in sÏlnple practical raseð. Even -with 
the sÏInplifying aSsulllptions al1ow
 hIe. thp work is usua lJy tedious, To 
eonlplpx cases as when thp silll nItaneous :-\(-tion of all factor." is to he 
eOllsitlered, quantitative r(,
\lJts are best obtained by experin1cntal 
Jneans. 


7. Tr(tn
pú::;'it-ions. 
One of the Jllos1 valuahle IHoans of OyerCOllling inductive intl'rferpl1f'(ì 
uuder nornH.tl opf.rating conditions of po"Ter ('ircuits is to transposc the 
condu('tors of eaeh ('irl
uit, so as to t'qualize their relations to all othcr 
cirruits and to earth. 
Transpositions in a po,yer eirruit tend: (1) to equfllize tlw 
eapaeitanres of its l'OlHluetors to ground, thpreby rellloving a 80nr('c of 
l'
siduals, and (2) to cause the indnctiye efferts from thc balanced 
Yo1tage
 and currents to ne1ltraliz(
 one another in neighboring lengths 
of a parall
l ('011lHllU1ication lill
. Transposition of a power circnit do(>s 
not r
du('e induetion fronl residual
, except as it llHIY do so indirel'tly h,v 
a r
duction in the lnagnitude of the residuals aç; just noted. 
Transpositions in a ('UlllHuHlieation rircnit tt1nd: (1) to cquali
e tlH' 
capacitances of its (6011<1U('t01'8 to ground; (2) to lessen the induction 
an10ng the 
evel'al eOllllllUnil'at ion ('irl'nit
 of a line (known as "cro
ð- 
talk" on tp}pphone cir('uit
); and (:3) to e(lUalize the inductive effects on 
the two sides of the (.ircuits. due to neår-b
v power circuits. Such tran....,- 
positions do not protert the cirruit agains1 voltages inducpd hetw(
(>n 
tlw ('ir('u it èlS a whole alHl ground or a long t he conductors as a grOl1 p. 
Tn ord(ìl' t ha1 transpositions ."ha 11 hp lllost 
ff(-,l'tive tlwy IHust h(' 
r<ll'pfully 10('ate(1, ,,'ithin sections ,vhpre thc Ültensit,v of the inductive 
(.fr(.(.ts i
 nIl iforlH. \,rit 11 l'e"p('rt to points where the inåuetion eha n 
'PS, 
('all(.d points of disC'ontinuity, T'he transpositions in c;u'h ('lass of line 
Illtls1 also he Jo('at('<1 with r('g-al'll to th(' transpositions of th(' othí'r (-IHSS 
of lil1(ì, i,f" the transpositions in the power and COll1111Unication linps 
Jlll1
t be eo-ordinatcd, 
On fI(-COUll t of the fin i te (1 houg'h vpry short) tilll("1 requi l'C<1 fot' 
(>J(.(.tri(' "aves to trav('1 along the l'ondu(.tors, thp electrical con<lition
 
êlt a 
i\Yen instant will he differcnt at different points along thp lint.
, 
hl'ing practieal1y oppo
ite at pGints one-half wave length apart; hC11('(' 
Ìl.
tlspo8itions laid out on a hasis of nniforu1 ('onditions do not prodlH-e 
rerff'ctly npllÌralizing and equalizing effects in adjacflnt spctions of a 
pantl1l'], To he eff(.(.tiye, thflrflfore, the non1Ïnally balanced lengths of 
a tr:l1)
position srhpme should b(1 very'" short HS cOlllparec1 to a 'vaV(ì 
Jength at the frequ(,Jwieç; of iuduetion to be eonsider
d èlnd gn[lrdl'(l 
;q.!'êlinst. Tlw illipairllient of halance clup to this pffp(.t varit's approxi- 
JllateJy aH the square of thp length of n(HninalJy balanced 
e
tion and 
direl'tly a
 th(' fre<juelley of the in(hH.tioll. It is usually advantag-c'olls 
10 0111it transpositions at th(ì jun('tion POillts of su('(-c"siv<, balanrcd se('- 
tiollS, 01' halTl'ls of t}w PO\\"('l' l'il'(.nit, as this lpsspns the illlpttil'llll'nt of 
hal a twC j \lst HH'JltiulH'tl, 
'I'he It.ltg-th of pal'all('J \\"jthill \\"lIi(,11 èl llo)Jlinal halalll'e slloul<l hf' 
ob1 ailll'll in a S(.IH'llH
 of tntll-.;positiollS designcù to adeq\latel
r reduee 
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int(}I,ferCllee. is usually deternlinrd by the points of diseontinnity. the 
l(}ngths of se('tion
 tInls requirf>d adf>fjuately nleeting the requirement 
above .ßlf>n tiOllf>d of seenring hah-1ncf> within a 
Hlan fraction of a wave 
length. In long nnifonn parallf>ls involving teh-'phone circuits, bal- 
anced sections with barrels in thp pow
r cirruits thrf>e 111iles in length 
are usually adequate. For sUl"h parallels invoh.ing telegraph circuits 
longer barrels are pernlissible as only the wave length of fundamental 
frPfjueucy need be considered. 
Though tr<-1Ilspositions affo,'d a vel'.' praetit-'al änd efff>rtive nlean;;; of 
Jnitigation for SOllIe inductive disturhäH('PS. they cannot be considered 
as a cOlnplete renwdy for interfereIl('e eVt'n under normal operating 
('ouditions. 


ð. [TuvalancL of COìJuuuJI;('alion Circuits, 
1 )ifferell('e
 in thp adlHittan\"e
 to ground or scrie
 in1l'edances of th(' 
two ('(HJdu(.tor:-; of a HleÜlllic ('oHll11Uni('ation (-.ir('uit ransp currf'nt
 in 
its terminal apparatus when a voltage is indueed hetween its conductors 
êllld ground or along- its eontlu('tors in IHllltiple. These unhalau('C's 
ltHl
. hp reduced to the 
mallest practicable ,'alues by transposing tl1(1 
rondu(,tors and by proper de"ig:n. eonstruetion and Inaintenance of 
t'ppn-wirp linp
. cahles and ronnpctpd apparatus. _\ sJnall amount of 
unbalan('e is. of cuurse. nna,'oi(Jabl(-., Siue(' tht' iuduced currents here' 
('onsiclered a l'f' proportional to HIP produ(.t of the un balanre and the 
indured yo1tage. it i
 nece

ar.'- to rpstrirt tl1p anlounts of either or 
hoth these fa('tors in order to sufficiently linlÏt thp induced currents in 
the terlllinal apparatus of Jnetalli(1 telephone circnit
. 


9, TnlJlsi(>uts and ...lbnormal (fouditivus. 
'V}Wl1 a s('(.tioI1 of power eil'cuit is l'llPI'gizp(l or d(")-PIlel'gizp(l a sudd('JI 
('häng'p takps phu'p in tl1<} (
l(,(.trie Hn(i nW
llpti(' fi('ld
 ahout the ('il'
 
('11 it. If tlw :--p"C'I'a I (-onductor
 a 1'(") not ('nprO'i7f>tl 01' de-l-'l1t}r O 'lzpd <It 
r' /""< 
C'xactl." the SèHll(1 instant. largC' }'C'..;ithwl YoltH
es anù eurl'l'nts pxist 
IIJOtl} f>nta l'il"r. An extrPlHC' ('else of this 
ort orcnrs when 
jngh")-polf' 
s".it('hps are Opp)
(-\ted sll('et's
ively. or WhPll oue pole of a switch fai]
 
to operate, 
"TIH'1l on(' (
onducto,' becoJTIP:o, gl'ount1pd tl1("'p is a sncldpu rhange 
fl'om a ronditioll of approxÌIllate balanee to one of large unbalanl"c 
whi(-h persists until the cirruit i
 de-energizf'(l or the fault cleared. 
...\t the tinle of sueh àhIJorlual COJlòitiollS of power circuits the indue- 
tion in parallel COIlllllunication Cil'l'uits i
 greatly in excess of that 
('xperi(}need undcr conditions of nlH'lHai opel'ation, SOlnetÏtnes causing' 
hazardous ,"o1tagf}S, and aeoHstic shorks to tel
phone users. If the 
pl'oterti ye devicps of l"OHlIHUnien tiOIl ei r('ui ts are op"rateù. service intf'I.- 
J'uption eOlltilJu
s for a l"onsÜlerahle pl'riod aftf'r the initial eau,,(
 lws 

llbsjtled, until su('h deyice....; are restort}d. ,rhprp tell'phoue circuits al'e 
affected t lIt' 01 WI'a ting pt'l"sonIJel Jna

 b
 Ìl}ln porarily dèlIloralizpd by 
:-;P\"ere (ll'oustic :-,hoeks. ...-\ n .. n IOt-ing' ground" on a power circuit not 
no)
nHdly ('OIlIl('('ted to gr'ouIHl nmr ('olltinlH' for 
Olllt' ti})H
 \\ itlt constäIJt 
rt.'pt'titiou of the èll"('ulnpanying transients. an(1 ('oITt'spoudiug severe 
disturbance, 
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Thp llu'ans SOJllt'tillH:''-' rHI ploy('d in hand] ing' faults in pOWPI' (.iI'l"l1its 
of reppatrdly" rC-PIH'l'g-izing thr f:Hllt
r cireuit, ritllf'r to hU1'1l off a 
., 
ronnd" or loeàte it by s('etionalization. oftrn greatly (Iggl'ayatcs thc' 
disturhêHwc to eotlullunication (.ireuits h
T repetition, 
-1\hnorllwl conditions ::Ind srVf're swit('hing transients ::Ire, asidr fl'Oll
 
their dt'trilllt'ntal effects on ('ollununleation eirenits, very nndpsirahlp 
froBl the stand point of power-
.rstenl operation. The frrq IH'nc-y of 
th(\ir o('('urr('l1('r ('an only hr If'ssenrd hy high-gr::Id(' design and (
on- 

tructioll and by" careful operation and lllaintcnallce. 


]0. ..YolIl'"\srnlialll(ltfllJ'fS ('aus(' (/rcaf('slIJllcrf(J'cllcc. 
1t \\-ill h(' ilppHl'Pllt fro))) tlw fOl'cgoiug th:Ü tho
e f('attlL'('s of po\\('r 
and COll1nlUni('ation cirellits. whi('h }ut\.c tIlt' gr<'àt('st. tC'ndrn('y to rf'snJt 
iJl intprfere1H'p, while not wholl.\" (l\"oi(lahJp, (-Ir(
 nOll('
s('nti(l1s whi('h 
sprvp ]10 Hspful eud in tlIP nOI'u1(11 fluH,tion i IH.!' of 1 hp ('ir('uit
. all d t 1)(1 i 
1 hp TIP('pssa I'Y prc'('Hlltions fOI' t hp pl
(,YPllt ion of i neluc't i Y(' i ntPI'fpl'PIWC' 
arp not lIH'olllpatihl(, with (1 high gTèHlp of 
PI'yi(.(' hut to SOHlP ('xft'nt 
f'urtlH't' thr1t PIH1, This (.in'uIHstalu'f' is fOl'1unàtp alikp f(H
 11w puhli(', 
thp pO\\"PI" ('OlUPàl1ÏPS and th(-' ('()1I1111tIl1i('(ltion ('olllp;lnips. 


GUIDING PRINCIPLES FOR PREVENTING INTERFERENCE. 
'rhe following n re t bp hasl(' ph,\'
i('H 1 IH'ilH'i pI ('s ,,-h i(.1t 1I11dl'r-li(
 Uw 
rules rC('ùllllHcnded in Pèlrt Three ::Ind whie-h Hhonld guide all c>fforts to 
prev(
nt in(lll(.tive int('rfer(
IH'p. 


1. Avoidance õf close proximity. 
]
.v no otht'1' IIWêlllS ('cHI ('Oluplt.tc fr,,>pdoIH fl'OII1 intpl'fcl'l,tI(.(' 1)(' 
s('cu)
ccl, 


2. Elimination or suppression of harmonics. 
'ro th(' pxistel)('f' of haJ'lIIoui('s is <lnp pnwti('ally êlII infpl't'PI'PIW(' to 
tp1c'phollC' ('ir('nits undpr thr llornud OIWl'àting ('OIHlitioJI"i of paJ'êlllf'J 
PO\\"" ('i,'('uits. IJtIf))'oy('uH'nt in thi"i I'PSJ)('('t. may hp pff('(.tpd h.\' giviug' 
due' rpgêll'<I to its ilnpol'têllH'(' in thp pllI'l'lU1SP of UP\\' C(luipBwtlL 


3. Limitation of residuals. 
'1"'11(' intf'l1sity of HIP int1tH't iOll dllP to rcsidual \'o1tage
 and ('HI'I'PUts 
is relatively Hlore Sf'verr than that dup to halallrccl voltagès and ('UI'- 
rents and indn('tion arising frolH residuals cannot be neutl
alÜwd hy 
power t.ranspositions, 'rh(\y (:(\n be lcssenerl by balancing the litH
 and 
also thc' load. hy the Us(> of :Hlvantag-('OliS tr'ànsforlner conne('ti011S :-u((l 
hy the avoiLlmH'e of excpç;;sive magnetic density in the iron cores of 
t ra II Sf()rnlPrs. 


4. Reduction of intensity of induction by favorable arrangements of conductors. 
'\'ïthin t hp latitude afforded h
r variou:-1 pract ieal l'onfigurations of 
pOWf'r mul ('olllJunni('ation ('Ü'('uits th(
 ÜHhH.tion with 
onlr arrange- 
}}IPllts is of 1111[('h less illt(,llsih
 tlwll with othf'I's. In ('ilsrs of Illulti- 
(-iL'("uit !)()\\"('r litH'S itllpol.tallt a
l\'alltag'(' ('an he Sl'('HI'l'd hy ('an' ill fi.XÎllg' 
t I((
 phasp l'elatiolls of thE' ('ondtwtoI'S of the 
l'vl'rHl l'il'l
uits. 
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5. Neutralization of induction by co.ordinated transposition systems. 
By means of transpositiol1
 in hoth cla
sp:-; of cil'cuit
 within 3 parallel 
the pha
e or direction of the induction nlay be controlled so that 
Inntnally neutralizing effeC'ts are ('l"eated in neighhoring If\ngth
 of eit"- 
('Hit, To he effel"tiYl.} the> tran
position ðy
teuls of the two elas
ws of 
1 iues IHU:-)t be co-ordi na led. 


6. Balancing of metallic communication circuits. 
Aerurate hahul(.ing of Inetallit éOlnmnnieation ('iréuit
. particularly 
!(.}It'phone circuits. teuds to redlH'p the distul'hing effel"t of induction 
fl'OIH parallp} power ('ircnit.
 and other near-by COUl111UllicatiolL ('ircnits, 
l r llhalaul"t's art' re<lH(.t'(l hy t 1'è1l1spoo.;illg tlip ('ol1<hu.turs and hy ca I,(..ful 
el.>sign. ('un
t rnl"tio}) and )ULl in tenHU('(> of lines and a ppal'atus. 


7. High .grade' construction and care in the operation and. maintenance of power 
ci rcuits. 
Xu uleans al'e known, PX('ppt in('I'e(1:-\(,d s(>pal'ation of the two class('''; 
of lillt

. wlwrel)\T thf> bPYerp lJIOlllenttlr\' distllrballePS to cOlnnlUnitatioB 
('i r(,Hits
 due to 'a hl1 ()}'Jl}(tJ ('OlHlitiollS 01; nei gh hori ng po\\'el" (.i 1'('11 its. ('a Il 
he preveuted; hence thf' illlPOI'têUH'(' of lllinin1Ïzing su(.h t)('('UI"rt.}lH'PS hy 
It ig-h standa rds of (>Ollo.;t I'lh.tioll. opel'at iOB allt 1 Ilia intpllètlWP. 
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PAR'}"' rrHREE. 
REVISED RULES RECOMMENDED BY COMMITTEE. 


Reasons for Revising Rules. 
foii 1l('C suUnl ittillg' its In'p} i n1Ïna I'
r l'(->I)(H't. tIn t<
<1 .J uly 7, 1914, re('OHl- 
IIlpnding- provisional ru}ps for tlip Pl'pvPlltion or lI1Ìtigation of indu(.tivp 
iJlterf(
"PIl('P whi(.h wel'" latt'I' (>lllhodiell in (ípnPI'a) Ol'del' .Ko, ;1
), this 
(
onllnitt
l' luts gr(
ntly l'xtt'ndetl its invlAstigêitioJls ot SOBle ÏInpol'htllt 
In'andws of the snbje(.t. COTIsidf1l'ahlp flXlwl'iplwP in th(> Pl';letieal appli- 
('atioll of the rules has also hpen g-ainpd, In tlIt' light of the (l(lditional 
infornHltion thns IlIad.. ayailal)l.. alI<I with (lue ('()})sidpt'ë1tion of ('I'iti- 
(.iSllIS aud suggestions whi('h ha\'(' h(lpn offpl'(
d by others, the Connnitt(lc 
has fOl'Hnllatell, and herf'with I'respnts. rp\"is(Jd rules whirh it 
reeolunlends be enlhodÜ>d in a lIew 01'(1(>)' of the Rai!r'oad COInluis
ioll 
to supersede General Order Xo, 3Ð. 
In forlllulating tllPS(
 r(->vi"i
d rnlps. the COllllllitte(' lw.ç; enrlf'avol'ed to 
utilize the infonnation obtaÜ}('<Ì SÏlH'P its foruler report so that the 
rult'1'i nwy be, sO far as pra(.tiea hIt'. dt'tin i te and aut horitat iVfl in r
sp(\(.t 
to the speeific limitations. 'fht' gelH-'ral arl'angl
}nellt of the I"ules ha"Ï 
h(>PH Inodified in orl1(->1' to bettl 1 }' lnt
pt 1 he rt'<juirPIllPnts of pt'(1(.tieal 11SP. 
_\ dptailt'd diseuksioll of Slll.h of 1h(1 pl'o\"ision."i as SC'Plll to rC(lHit,c it i:-; 
givell in a seetion illllH(àdiatl 1 ly follo\rill!.!,' the rulcs. 


Text of revised rules. 


RULES GOVERNING THE CONSTRUCTION AND OPERATION OF 
POWER AND COMMUNICATION LINES FOR THE PREVEN- 
TION OR MITIGATION OF INDUCTIVE INTERFERENCE. 


I. GENERAL PROVISIONS. 
(a) Applicability of rules. 
'fhese rules, exeppt as otherwise provided in r (f) s}lélll nppl
 al1(l ue 
(,ff
(.tjve as follows: 
]. Rulps lin1Ïted to line" invoh"e(l in a paral1el,* or to apparatus COIl- 
nel.ted to su
h lin<:>s, shall apply only in eas(> of pal'aUels ('reatl
d 
h(>reaftt'r; extppt that rules relating to operation or nlaintenancc shall 
:tpply to all such lines and apparatus, both f'xisting and new, 
2, Rulps not lÌlnite<l to lines in\'oh-
cl in a pal'allel, or to apparatus 
('olllleeted to such lin
s. shaIl apply to new l.onstruetion only, in('lnding, 
however, existing lines and appar'ët111s wheu sueh are genl
rally )'(1('OH- 
stl'ueteJ or renewed. 


(b) Co-operation. 
.L\ny party eontf'lnplating Bew COHstl'uction \,'hieh IlIa)" 
r0ate a 
parallel shall confer with t he oth
r party or partir" conc(àrncd and thc
T 
shall l'o-operatp ,,-ith a vie\\' of Hyoiding' thc paralIpl, 01', if this he 
iln practicable, of n1Ïnimizing the resulting interferencè. Pailure to 
COIUp]y ,,-ith this requirement ,viII reeeivp eonsideration by thi
 (i mu - 
Illission in any snbseqnf'l)t isstlP iu\'olviug sneh eonstructioll. 


· POI' ct..finition of "pa ra)}pl" Rt-'(' page i12. 
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(c) Principle of least cost. 
\Yhf:>ll there (1 rp two or H101"c) difl'Pl'('U t pl'w.t i('a hh> lll('tho( ls of avoiding 
O r Hlitio'atillO' interfprl'lH'p. the 1l1ethod Wh1('h illvoh'f>s the least total 

 ð 
('ost 
ha1] in general be adopted irl'espf'(,ti't 3 of whethpl' the ne<,essal'Y 
('hallges are nlêldp in the plant of the party ereating- thp parallel or in 
the plant of the othpr pëH'ty: IH'oyidecl. ho\\"(->\.er. that preff'renee shall 
he giyen to 111etholls of :-\yoiding a parallel oyer 11lf'thods of lniti!?:ating 
intf'rfel't'nce: alH1 proyided. fllrthf'r. that as behn-
pn different Illethod
 
of n1Ïtigatlon ha,"ing diffprent rlegrpf--"s of efrpl"ti\"enp
s. tliP Ino
t effp(,ti\'e 
Hl(.thod. the ('ost of \\ hif.h c.an he jnstifi
d. shaH lw adopted. In esti- 
Jlwt ing sneh <,osts, all fa(.tors of t'xpensl' to hoth pèll'ties shall he> takpll 
into ae('ollnt. 


(d) Existing parallels. 
Parties operating power OJ' eonunnnieation line') shall pxer(.isr due 
tliligpnee in a pp]ying' 111f'HSUl'es. in g
IH'ra] al'('ordanee "oi th the p 1.in- 
ciplps of thé

 rules. for n1Ïtigatillg' inducti\re intf'rferenee du
 to exist- 
ing parallels, ...\.ny sur-h para Hel:-ï whieh no\'" or hereaftt-'r cause 
rx('('ssi\'e interferpnce shall be attpllded to proHlptl.'r" 
\\Yl wn lines inyolYf'd in exi
tin
 parall(--']s HI'P (1(llh.d to. ext('ncled or 
g"l'IlC'l'ally rl'('onstru(.tr(1. ('I' whe'll additional appal'atns is cOllnf't.ted to 
:-ïlwh ] ines, or whl'n a ppa ra tns now ('onnpc'Ìl>c1 to ...;lwh I i ill'S is 1'('I1l'W('t 1 
or l'eal'l'allg'e'll. the nl'W or ('hangl'd plant shaH thl'l'C'aftc>r ('oflfol'lll to tilt' 
IU'oYisions of the
e rules. 


(e) Saving clause. 
The 
onllnission rf'SPl'Yf'S the right to ))lO(lify an.'" of the prO\'lSlons 
of thl'sl' rules in :-ipl>(.ifil" ('asl'^"" when in the ( fOH11IIIS",ioH'S opinion, puhlie 
ill ter<'8t wou]<l hI' :-ïer"ccl by so doing. 


II. DEFINITIONS. 
Certain teC'hllieal trrJllS are elll ploy<,d hl'l'('i n III the Bt'nSès set fort 11 
in tlH-' following t1t>finitions : 


(a) Class H power circuit. 
'fIH:> tel'lll "( fla
..; II l'oWPl' Circuit" 111('ans an.'" o,"C'rhe(l(l o}1PIl-wirt> 
('onstan t-potc>lltial aIt(>rnating-('uITl'ut pOWl'I' t I'a n:-it 11 i
o.;;ioll or distl'ihu- 
tion (.ir('uit or ele(.trieall.'" ('onne("tpd netwol'k whic'h has .").()()U volts 01' 
1Bore between an.' two ('oIH1uetol'
 or 2.
t()O yolts or JllOl'P hf'tw(,(,11 all v 
('ondtH,tor and ground: exet'pt railway tl"olIt'y ("ÏJ'('llits and fl'(>clf'l:S 
(']ec-tri(.ally eouneetf'd tlH>rewith. 


(b) Electrically connected. 
The terlll "EleetrÍ('allv (1()lUH
(.t(-'c11' llH'Hns \'oHIWt,tt'(l 1)\" a \'onC111(.t- 
illg" path or through H' ('OI1<1(-'IlS('l'. as di-.;ting"llishf'(l fl'Ol;) eonnt'I'tioll 
)J)t'l'ely through lllagnetic Í1uluc-tion. 


(c) Signal circuit. 
The t(1rn1 "Signal Cirl'uit" nleanR an.'" te}pphonc. t('legraph. nlP,':;- 

PlJg-e-1' (.all, cloe'k. firt'. polil"e aIëu'll1. or othe-I' c.iJ'('uit of silnilal' natu1'e 
HSl'd {-'X('hIS1YP]Y for" t lip 1 rallSltlissioll of si!!uals 01' iJlt('lIig't)llc'e, "hieh 
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opl'I'a t PS at 1ps,", t Iwu -t-()() yo1ts to g't'OlllH I. OJ' 7;)0 \To1ts lwf WP('11 a uy two 
poiuts of the eir('lIit. 1>1'o\'i(1('<1 that if thp yoltagc execcds ] 50, the powel' 
transnlÏttt->d shaH ]lot ex('ped 1;)0 watts. 


(d) Communication circuit. 
TIl(' ternl "( 'ollunnnl('ation fiirrllit" H1eèHIS flny ov('rhPHt1 OpPH-,,-irr 
"signal eirenit. exeept that, if sn(,h (.ir('nit lw a tel('phoIH' (.il'('uit, it is 
Jiulitt'd to lnter-f'x('hange nlPtHHie tplephonf' cirenits and to ulPtalll
 
Ü>If'plHHle ('iI't'uits OI)('I'atpd by a l'aih'oad Ol' othf'l' rOlllpauy for dispat('h- 
ing pnrpo:-,('s, or for puhlie usp bpÌ\n'l'l1 separate couullunities, 


(e) Line. 
ThC' tt'rlll "Linp" n1<'an
 any' ei r('u it or agg'l'('g"at ion of ei 1'('Hits ('HI'- 
J'ied on po]e:-; 01' to\\'PI'S. èllHI inelndt,s the :SHppoI.ting rl('mellts, 


(f) Parallel. 
The t('J'Hl "Pal'al1pl" 1H('èHIS a ('oudition where a Class II Power eir- 
('nit all(l a ('OUIIl11111 i('atiotl ('il'('uit follow suhstantially t he sault. ('OIU'S(' 
cìl' are othel'wisp in pJ'OXilllity fOI" a sllffi(.ieut distane("' so that the power 
,.il'c'uit is liahl(' to ('l"'èlt(' i1)(111(.ti\'<' 111tC'l'ft'I'C'llC'(' ill tile' c'onnnUni('ëÜiol1 
(.i I'c'uit. 
\\'îth SOItt(> pal'ètll('ls int('I'fC'I'C'11<"(' (W('UI'S only at tilll(
S of ahtlOl'llliti 
('ollditious 011 thl' p()\\'('I' c.ir,'uit ilt whi('h ('è1SC' slwh of thc's(' l'ul('s as 
:II1'pc.t i tlel U(.tiOB Otl I,\r II tld('I' tlol'twd op('I'atitlg' ('Oll< I it iotls do not. apply. 
\\'Iu'll the' Hppli('atioll of Htly I'ul(. i..; thlls r('st I'ic.t('d, th(' ('ollclitiotl 1ttlc!t'I' 
whieh tl1<' I'lll(> applit's is 1'('f(,I't't'cl to as a "nol'llIal" pal'allp1. 


(g) Configuration. 
'I'he tPI'Jtl "Confh!"lll'at iOB" llH'anS 111C' g('ollH'1I'i('Hl ètl'I'allg('tll<'nf of :1 
(.irellit or (..irc'uits. itl('luelillg the' size of thc' Wil'('S, Htld theil
 relative 
positions with l'PS!H".t to OIIC' HllothC'I' Hlld l'ëtl,th. 


(h) Transposition. 
' I ' I ' , ' I 
 .." 1 . 1 f ' , f 1 
Ie tPl'lll l'atlsl)()SIÌlOIl c ('note's atl 111t"I'(' wng-(' 0 poslÌlOIt 0 t 1(' 
('otldw.tors of a (.it'('(1 it h(>twe'(,}) Slt('('('..;:-;i \'e lC'ngths th(
l'l'of. 


(i) Barrel. 
Tlte 1(,1'111 " BaIT('I" tll('
!ns all at'J'allg"(.tllC'llt of a sc.(.t ion or POW(,I' ('11'- 
('uit of I1Jlifol'tII ('ollng-III'atiotl within whieh ("';I<,h ('OtlcltlC'tol' O('c'lIpit's 
('ac.1t of th(' c'0I1<11[('101' positiotls fOl' ('c!,wl dist:It)(.C's, 


(j) Discontinuity. 
The t('I
1ll "I>is(.ontillnity" J1H'ëllls any ahrupt ehang-e in Ow rl'lati\T(' 
posit ions of H pow('r a 11<1 a ('OtlllUlIB iC'èl t ion ,.i I'('uit, 01' any a hi'll pt ('ha n
(
 
in ('onng-uI'Htion. lill(, itll(H'clêHH'(' 01' load along' t'itlwr slwh cil"cnit 

 ill('lllding sHéh ('hang-ps dUl' to ('OIlIH.(.tC'd eirc'nits, transforuH>rs, eablC's, 
loading ('oils or othf'r apparatus) ,vhich ulaterially affects the lllagni- 
tutlp or phase of thp iu(hH'('d yoltag'('s or f'nrrt'nts p(
r unit length 01' 
HI<' eël pH('itaJl('('s of 
itlH'I' ('i rell i t. Tl'Hll
positi()l1s, ho\\'ev(
J', a I'e not 
('ot1sic l(,I'"d to ht' (1 is('C)}l t i tlllitiPH, 
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(k) Co-ordination. 
The t(>rlJl "Co-ordillêÜion " as 
pplit'a to tr
nsposition systplns 1l1f'
llS 
th
t the tran
positiolls in p()\\"(
r HIHl ('Oll)J)llllli('ation (.ireuits involy('(l 
in a paral1
1 arr- effieiently loeatl'tl. with r('s])(--'(
t to eaeh othpr anrl to 
thp di
eontilluities. for re(hwing the in(hH.ti\"e ptfP(.ts on the COlH1l1Uni- 
('ëltiou rircuits. 


(I) Balanced and residual voltages. 
Thc yoltagc-s If) yrnll lid of thf' s('\"pl'al wir'ps of (I pf)\\-er' eir'('u it H )'(' 
diyitled for co})ypnienl"
 into two ('hl
"';"S of ('OIUpoUt'uts, dhal
n(.t't1" 
<lIl(1 "rt-'sidual." 
Thc "h
lal1l"ed ,-olta!.!('s" arc those eOll1pOnl'nts whil"h arc equal in 
Jl1ag-nitude and haye such phase rt-'latioJlA that thl'i r algehraic stUll i
 
Zl
ro at cycry instant, 
The rem
illin
 ('OlllpOllPnt" of the Yoltagp
 to ground. whi('h 
xist 
lllldpr condition
 other than p(}rfel"t halanee, are tprIne(1 rc.c;,;idual. Tlwy 
a r(") t'q n iyah}llt to a 
ing lp-phw.;;p YOltage i 111 prps...;p(l lwtw('('n thp PO\\"PI' 
wÏr'es ill Illnltiplc an(l ground. 'fhp 
nlll of the rl'sidual COH1I)OlH'llt", is 
tf>rJlH'd thp "I'esidual \.oJtag('" of the ('ir('uit. r n (.asp of a thl'Pp-phas(' 
(.il'('uit it is thr('c tÜne'" thc ('<jui\-alpllt ..;illglp-pha
'} yo]têlg-e aho\l' 
HH")utionc(1. 

 I athplna ti(.ally ex]u'p,",sed. t hp I'('sid Ilêl I '"01 hi g'P is t hp ,,('(.tor SHill of 
tilt' Yo1ta
('
 to g-ronnd of the' ",(,\"pl'al wir'('s of a ])()\\"('r (.il'('11it. \\"hi)(' 
tilt' ha)alu'('(! \'o1tag(':,\ al'l} thosp f'OlUPOIH'Uts WhO"il' Yt't"hll' 
Hnl is 7,('1'0. 


(m) Balanced and residual currents. 
Th
 ('url ('uts ill th.. s('\'eral ,,-irt's of a pOWt>r eie('lIit arp f1i,'idpd for' 
('oll'"l'nipll('f' into t,,-o elê1ss of ('olnpOl1pnt:..;. .. halan("('(l" (11](1 .. 1't}sidnaI." 
Th(' ,. halan('ed ('lllTt'nts" art-' thosp wholly l"onfinl-'d to the wir('
 of thl' 
(.irt'nit. ] [enc'e th
ir ahrehrai(' SHIH is zero 'at t-'Yt}I'\" instant. 
The rpl11ail1il1
 (.onlpo;lents of th.. ('HLT(>nt" in th
 =,(
ypral \,"irt}s, whi('h 
('xist Hutlt:'r c-onùitinn..; other than pprft'et halan('e, are terlnetl rt>
i(I\laL 
TIH' SHIll of the rp..;jdual eOlnpollt-'nt:..; is the" rpsidual (.urrcl1t" of tIlt' 
eirellit, It is (
qui,-alpnt to a 
ingle-phas
 eurrf'nt in a circuit ha,-ing 
thf' pOwer wires in rllultiple as one sillp, cHIli g-ronnd a..; the othpr sid... 
)Iathpluatieally expressed. the residual ('urrpllt i"i the Yl'l"tor -.;11In of 
t hp ('lUTf'nts in t he St
Yeral powpr wi J'(--'s \\" hile the h(\ lallepd eurren ts are 
t hosp (,OHlpOHt'l1t
 whos(' ,"t'etor 
lllU is zero, 


III. LOCATION OF LINES. 
(a) Avoidance of parallels. 
E yer.'" r('a
OJla hIp f\ffort 
ha II 1)(' IlWtlt' to a Yoid (. L'PèJ tiug pal'allt'ls. r f 
the' partil)S ('OJH'('r'lH'tl ('all HgTl'e UpOll èi plan for pro,-idiug- :111 êHleqllatl' 

f'parèltiou of thf' t\\.o e1a

('s of lilH's ðO as to Hyoid int(,I'fprcIH
(,. su(.h 
plml shèlll bp put into (>ffp(.t. III no ('a
(
 shall a paL'al)('1 hc c1'('at<'(l 
ulllpss the eost of a,-oidanl"t' h.,- sppal'ation is 
T('êlt(-'r than the ('n..;t of 
the renlf'dialllleaSlll'PS l"(
quirl'd hy thp'e rules. 


(b) Notice of intention. 
The party pr'op()sing to huihl a lit'\\" (.la:..;..; II lH)\\-t'l' 01' a l"OlllHlUniea- 
tion line whi('h win ('reate a parallt'l. or gl}llP L'a 11..\- to rt'('on
trnl't OL' 
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c'hangp 11)(' operatiJlg' ('ollllitions of all ('),.istillg line involyed ill a par- 
allpl, shall g-iyr due notiee (at least sixty days where practicahLp but in 
::lilY event not l(:'.-\s tha 11 tWE'nt
T days in adv:1nc'(' of construction, except 
fOl' luinor f'xtensiolls, fo)' whi(.h noti('p shall hE' giY(
n ÏtllHwdiatpl.y aftcJ' 
thp ,,'ol'k is (ll1tI1()ri7,(
d) of SI1(.h intplltion to thp othpr party inclu(li1Jg' 
full inforllwtioll èlS to the l()('ation with ill the. pal'aIlel and SIH.h 011\('1' 
fl'atures of thc P)'oposed line as ,,'ouLd affe('t inductioll. 


(c) Distance between lines. 
('la...s II ])()\\'cr litH's alld ('01Hlllunic'atioll lilH'S shall 1IP kC'pt as fal' 
êlPH I't as 1)I'Heti('H hl('. Thei l' SC'pH ratioJl shou leI be H t least cqua I to the 
hpight a1>on' grounù of the po,\"pr wires. ex('ppt whcn closcr proxiln ity 
is una ,woida blE', 
If, ill any ('asp of il)(lH(.ti\'(
 illt(,I'f(
1'('Uf'('. it shoul(l be found inlpt'a('- 
ti('ahl(' to obt(-)in a propP!' dcgrcp of rt'licf by Ineans of thc rC1)}('llial 
lIH'aSlIl'CS spt forth in t hpsl' l'nLps 01" hy oth('l' H)('HSlll'PS of a I'cIllPd ia 1 
IHI tu 1'<" t hc pèu,tips ('olll"('r]u,(1 shall ag't'('p 11 pOll Hnd put in to rff(
(.t a 
phlll for in('r'p(lsilq.
' th(' S('IHII'atioll of flIP li)H's \\'ithin th(' pal'èdlp1. 
To pl'OJllOtp 1Iw ('ff('(.ti'T(' app]i('H1 ion of tl'anSI)(Nit.ions, hoth pa 1'1 ips 
:-;Iwll pnd('èl\TOI. to )naintHin H lInifol'JlI sPIHu'ation of th(
 two linc
s 
tht'oll
..dlollf ('Heh ])ol'lIlèd Pèlt'alleL I LO\\'P\'('I', in g'f'llPl'uL, wl]('n it is 
feasihle to :-;p("lIr(
 11101"(\ t]WI1 a 
(I PPI' (.(.)It ill('L'('èISP in SPpèlt'a1 ion, fot, a 
di:-;ÜIIH'c in PX('pss of 011(' l1Ii](', this shaH 1>(' dOl}('. 


(d) Length of parallels. 
J>èll'al1pl
 slw]] h(' ll1èHlp èlS :-;hor'f èlS pl'èH'ti('ahll'. 


(e) Discontinuities. 
] n thr location, ('onstruetioll H1Hl g'plu'.'al rpcolIstl'u(,tion of ] ill('s 
\\,ithin llornwl pèll'a]]p]s ('ypry reasOlHlbh
 ('trOI't shall be llHHlc to avoid 
<l is('ontilluiti(
s (exl"t'pt t hOS8 dlW to in('rpas(
s ill spparat i011 as provid('( 1 
fOl'ill (c) ahove) \\'hi(.h would intrl'fpl'r with th(' Hpp]ieation of cffc(.ti\'(. 
and l'('onotniral co-ol'tliJ1ateù transposition systenls in the power aud 
('OlnlHun i('ation ] iues, 
In the locatioll and ('ollst1'uetion of the first line along a puhlic hig'h- 
""a.", spc(.ial t'ffo1't ShH]] hp 11HHh
 to Hyoid ('r()s,
ing' the high\\Tay Hnd 
also to Hyoid othPI' f(-'èltUI'('o.; whi('h wOllld rpsult in unn('('PSSèlJ'.V dis('on- 
tillllitjes in the (
\'pnt of the eon
truetjon of allot her line Hlong the sam(' 
highwa.v. 


IV. DESIGN AND CONSTRUCTION OF LINES. 


(a) General requirements. 
'1'hr cpwlit.v of Inateria1. WOrkllIallShip, 111(,tl1ol1s ::lnd gra(l(, of rOIl- 
sÍl'\wtioll shall he in è\("('on]anel' with approYl'd mo<lPI'1l Itl':I(.ti('(
 with 
sp('(.ial regal,a to th(' p1'c\'('JltiOJI of fai]ur(\s ;-l1ul thp avoidmu'p of 
f('atllrps, SlH.h. for pxatllple, as infpriol' illsnlHtion, whi('h would t(,l1(lto 
('ausc 01' 1)I'01110t(' lu(lIH.ti,Tp intpl'fel'('IH'E', 


(b) Arrangement and spacing of power conductors. 
r II tJ)(
 dt'sign fot' ('Ollstl'II(.tjoll 01' g"PIlc-'l'èd r('('olls1 I'\\('t ion of {
lass IT 
}>o\\'I-'1' lilHJS, ('oll.o.;id('I'atioll s}wll 1)(-' given to the ('ollfigll1'èltioll of the lill('
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with a yi('w to lllinin1izil1g (1) throughout the entire length of th(
 ]iJlP 
inpquëllities al1l0ng: the capaeitöIlf'eS to e(t1
th of the l"ondut"tOl'fo;: and (
) 
,,-ithin nornHl1 parallels the intensity of the in(h1f'ti\
e effects. \Y hf> 11 
two or Blore eireuit" are ('H(Tit>d on Olll\ line tht> phast' relations alllOJl
' 
the ronductors of the differpllt cirt'uits should he ('hOS('ll with the sanH"\ 
purposes in view, The ('onfig-urHtion
 to be prl\ferred for thr(\C'-plwse 
]ine" under difÏ('rellt conditi()n
 are dis(.us.....ed in the Exhibit attacll('cl 
IwrC'to. 
EX(-'pssi \'(' spaeing of c'on(ln(.tors shouhl he ayoiùed. 
Two-wire hraneh(.s eleetrieaU
T eonnpcted to a three-phasp (ila
s I r 
pCH\'pr ('ir('uit should hf' ayoi(lpcl e"'(('ept those 1'0\0 short t11nt the)
 do llo1 
lltateriall)" unbalanre thú thrpp-phast. cireuit, \Yherp such brandIes arp 
elnploy(>(l they should he so distrihuted a
 to CHUsP Hlininltllll unbalHIl('f'. 

o singlt
-wire grounded Cla
 II power cireuits or branches of InnLti- 
wire Clas.
 II power circuits shall be elnployed. 


(c) Transpositions-General. 
. \ II Cla.
s 1 I po\\-rr ri r('uit
 Hn(l lnpta II il' ('Oll11HUlli('ation cirrui t s. 01" 
c'Àtpllsions of SlH.h ('ir'('uits. hpl't'aftpr ('()Ilstl'u(.tpd or g(-'IlPraHy l'P{'Oll- 
stl'lI(.tf"kd, shall he tl'Hl1sposed throughout tllf'ir (-'utire l(
ngth
 in SlH.h 
IHH nn er (1s to 1m] 
IH'r. as nra rl.,- as [H'èH.ti('a hLe, the {'a ra(
it
Hl('rs to ea ,.t h 
of thp11' rnnduetors. For singlp-('ir('uit three-phase lines the Inaxill1Unl 
Ipllg'th of barrel for thi
 purpo
(' shall he hn-'h-e nlÏles fOl' eir('l1its of 
triang'ular
1: ('ollfiguratioll and six luiles for other configuration..;, 
'or 
twin-rircuit three-phase lines the u13Xinnull length of barrel shall he six 
lllih's; exeept that for cir{'uit" of thp vprticaI type (including C
:-'l'
 
,,-ith the n1Íddle ronductor
 lli
pl
et>d slightly out,,-ard) and tlu' 
equilateral triangulnr type with yprti('es upward. nine-luile barrp]s 
IlHIY be u
ed wheu tlit' circuits are intereonnel'ted for nlÎninnllll unbal- 
anees. The aeeolllpanying Exhihit (-'ontains inforlnation concerning the 
lnethods of interconnection gi ,-ing Ininilnnnl unbalanl'es. 
r:.l'Cf'jJfion.
. Power lin
s, ]ocatNI IH'iucipa]].r on private rights of way and not 
p]perricaIIy conneC'ted to other ]illf'!'. a re exempt from this rule if sepanltpd from 
existing' communica tion ]in

. nnd from hig-hway:oï rt-'quirpd for the future 
onstr\1('- 
tion of commnnieatioll Jines, by distHnc-ps not Ies!': than those g-Ï\-en below, f'XCppt for 
('ro
sin
s at an
lp:-; on'r 30 d

!Teps and otlwr 
pdion!': of unê:l,"oidab]e closer pro
imity 
not exceeding one milp in total Ipn
th in eaeh tpn c'ollsp('uti\"e milps of ]illP. pro- 
,"ided, howe\"er, tIla t such sections of clo
pr l'roximit
" to anyone stich ('OIDllllUlÏ<-a- 
tion ]illP or hhdl\n\
" shaH not px("ped one mile in eaeh thirty ('on..."cuti,'c milt-::, of lilH'. 


'.olta
e between pU\\el" c.mductOis 


:Minimum 
separation 
from high- 
ways and 
communica- 
tion lines 


T
f'] (1\\" :)().fJOO _________ ____ __ ________________________ ______ __ __ ______ __ _______ 
;".0,000- ,.),()()(I _______ __ __________ __ ________ _ __ __ ______________ __ ________ _____ 
ï.),OCU--IOO,(H I() _ _ __ _____ _ __ ____ __ __ ____ __ _ _ __ __ ____ __ __ __ __ __ _ _ ____ __ ____ __ ___ 
II
J,l
ljQ,OOO ___-___________________________________________________________ 
] .jn,(H)()-
>()ù,O(lU ________ __ ____ ____________ __________ _________________________ __ 


&J() f(\f't 
ï,){) fCl't 
830 fcpt 
1,000 fCt,t 
1,200 fcet 


For Po\\ ('r liul-'s lllPptillg n Jl thp
(\ conditions for 
xPlllv.ti()n e
('ept that the
. are 
f'IpetrÍeally ('onnt:'deò to ()tllt
r ]inl-'s throudl autotransfornlPrs, the maximum ]pngths 
of barrel may hI-' twi
f' thosp speeifipò ahon-'. 


· A triangular configuration as here used means one in which the altitude of the 
triangle exn'ed
 (ll1e-half the lE'ngth of thE' longest 
Ïlle as ba
e. 
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FIN.\T.J REPORT ON IXDl '('TIVE IN'fEHF'ERENCE 


The f)UC!'tiOll of wl1('ther highways that may be Îll\"olved will be required for futUt'l, 
("ommnnication Hnps shaH be sf'ttled by agreellwnt hf'twef'n the POWf'l' COlll[Hln)-" 
('Olltemplatillg" construction and thp t'olllmunieatioll eOlllpanies operarin
' within thp 
territory to he tran='rsed, In the cvput of disngTf'f'llwnt or if tlwl'(, is no sHch 
communication cOlllpany, the mattpl' 
hall h(' referred to this Commi!-'sion, In easps 
whpre thp proposed usp of a particuhll' hi;.dlwny h
" a commllni<'ation company would 
be the dpterminillg" factor in dp<,iding- wlwther a ;dn'll 1J'o\\"('r line must he transpoHf'd, 

u("h t'ommunÏeation ('omp:lll)" !-'hall make an effort to lot'atp H
 pl'opoSPfI Jill(' ('h';i'- 
whprc and the deeisioll shall be made in acconlmll'c with t1w prilll'Ïplc of least l'{)
t 
lail] down in I (c). 


Existin
' Class IT T){J\Y(lJ' ('iJ'('IÜts and thosp f'x('nlpt<
d un(h>r tl1e prp- 
(OP( ling paragTa ph. \d1Ïch h('l'(ìuftpr bt'('OllW illyol vpd in nornHll parallels. 
shall be tran
p()spd so as to balanct' their ('apac.itances to earth, wh('n 
BPees:;;ar,v for lin1Ïtillg' residual voltag(1s and enrrcnts to alllounts ,,,hieh 
(.an h(1 tolerated, The location ànd J111111ber of transpo'iitions for this 
pnrpose ShilH hE' detf'rJuined hy agn>elllt-'nt of the partif>s concerned. 
In the ]o('ation and sp:wing of thp trànspositions due rE'gard sÌ1i1ll h(> 
p(-lid to di
(,olltinuitips whi('h affp(.t 11H
 ('ê\lHH.itöuc('s of the ('iT(
H it. 

p(.tiol1s of <.>i ren it h('twc(>u sue h points of (1 i
C()lltil1uity sholl 1(1 he 
t J
pa t('( 1 i JldppP}J(l()llt I
T. 
. III g'PllPral. tJ.êH1Spositiolls should hp olnitt()d at the jU1wtioJl poiuts of 
SU('('(>ssiy(> ha J'I'e]s. 
l\IPÌê111 i(. ('OIl}111l1l1i('HtioJl ('in'lIits. èIIl<l sil1
.dr-phasp aUll h\"o-pha'i4' 
(ihH.;S II po \\'t' l' ('ir('Hits, slwll hp tl'al1
pospd at illtpl'Vêlls not (,x('('('dil1
 
fou J' I)) i It's, 
Po""(>r (.il'('nits ]('ss than 1hl
ee luil('s ill ](,lIg1.h :ll'l> not rüqui}'(>(l to he 
tl'(-I JlSI)()sp(l olltsidp of pêt rH II (']s, (>xc'('pt \\" Iwn t h(ì a hSl'l1('p of tra JI'iposi- 
tions would 1Ilateriall.\r illlJwir the hahnlC(ì of othrr circuits to which 
th(ìY are elpl'tri('H]]Y ('onnp(.tetl. 
Power (.ir('u its with groulld('d nt'll t 1'(1 Is. h:-1 ving H yo1tag-r of lrss tha 11 
] :!.!)()O yo1ts. lwÞ,"('(-'ll eOIH1Hctol's. êll'P lIot 1'(>(111il'pd to hp tr
ansp(H,wd out- 
sidl' of l)H1'a lIels, px('pp1 \\"IH>l'P the> l:t('1\: of SIH.h tralJspositiollS in al1.' 
SIW(.ifi(. ('asp is t Iw eö l1SP of inh'rfer(ìnc(', 
'\"ïthin norlHal pHrallpls th" tl'<<nspositions ill the two ('la
ses of cir- 
cuits shall be as pro\rided in (fl.) belo\L 'Vhpll the transpositions 
l'P(luired in a Piu'cdlt>] !Hlpair tlw gpnerill tn\nspositioll sYStCll1 of eitlwl' 
]iHP out'iidf' the lil11Ïts of thl
 pal'nll('L thf' necpssary r(ìadjustuwnt of 
tr'anspositiolls 
hHJl })(' Htadp in the s(='(.tiolls of linp ndjiH'(ìllt to tlH' 
pa ra lIpl, HS a pa rt of t!w l'PIH('dial lUl'(lSUres t ]1l'refor. 


(d) Transpositions-I nside limits of parallels. 
'\Tithin l'ill'h 1l01'1na] IHlJ'allpl êtll adf'q1wtf' 
wl}('nl(> of tl'iU]'iI)()
itiol1s. to 
ll('ntl'itli
('. so far' a
 pnu.til"ah]c. the ilHItH.tin> pt1'C(.ts, shall he install..d 
in th(ì pO\\'('I
 cin'nits, ê1lld also in tlH' ('OllIHIHlli(.ëttioll ('il
('uits, pr'ovidpd 
tlH' lët1tPI' al'p I1lptal1i(.. Thp tt'èlllSI)()sitioJl SystPIHS ill the two chls
(>s of 
(.i 1'('u i ts sha 11 hI' P l'OpPI'J
' l"o-()I
d i lIatp( 1. Th(> pa I
ti(.s ('olH'(>rHPd slw 11 
('o-op(,l
a tp to d(>t(,J'ttl i tw 11 pon t Iw tn\ nsposit ion s(.lwllw to })(' "Ill p]OY(>( I. 
rl'h., transpositiolJS r('quirpl! ill the line las1 construct<'d shall he illstalh'd 
bpfore it is phH'pd in :-;ervÏl'p, 
1 n applying the foreg-oing, the following rules shall, in general, be 
pbserved: 
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1. 
'or e(wh Bornud IHu'alIpl at least ()Ut
 barre] shall bf' installed in 
fl1(' po,,-er eire'nit. This applie
 also to a spction of parallel ,dl(,l'e it is 
not pr(-Jetie(-Jhle to ohtaln a balance hy ('olnhining it with another 
l
f'- 
tinn, In appI.'ying this rulf' it i", uot intendpd ordinariI.'- to chrtnge th(' 
:--pan lengths r..quired fur 01 hp1' pllrpu

s. 

. In long nniforlH pan
llds or "p(,tions of parallel. ÏI1yoh'ing a t..}p- 
phone line at hÜ:!1nYà.'T s('parê1tion fronl the power lin
. the bê1rrpIs shaH 
hp three lniles in len2'th, snhj('(.t to s{H'h yariation a" 111êl.'r he l1eepSS(\I'y 
for ('o-ordination with tlw tran,-,pnsitions l'e(lllirpd in the t
lppholl(, 
('ir\',lÏt", Transpositions should in general he ou1Ïtted at the jUIll"tioll 
points of SUt('ps:.;iyp harrel". 
3. Except as l110dified hy (1) ahoye. thp nHlnher of h'anspusitiolls 
rl
quired in po"'er (Òireuits parallelin!! telephone eir('nits shall he 
uh- 
jPct tu the following' IÏ111itation
 exprc->s."'t
d in ternlS of the aYl
rag(> 
distHI1Ce between su('('p
si\"e transpositioDI..; : 
For power eirenits of 30,()()O volts or lllore between eonductors, 
n n t I eSR t h 
 11 0 n l' J 11 i 1 p, 
FoJ' p(nn
r (.ir('nits of Ips." than .>O,OO() "oIts lwt\\"('pll ('oIH1l1etors, 
not It'ss than ollP-sixt h IHilr, 
 


4. In ('(If'(' of a pêu'ë-tll"l hl'tWl'(')) a pO".P}' lint' (IIHI [I Ìl'I(,
J'aph lint' 01' 
otlwl' gl'ot1uc1..d ('OJHlrIUIIÎ('<itIOf) )jf)p, the' tl'(-JIISI)()..;itiollS in thp POWPl' l.ir- 
('Hit sh(-JJI hp 10l"Htpd ".ith litH' n'g-ald to tlw lin1Ïts pf the pal'
II('Is and 
to dis('outilluitips. in on1l'r to f01'1I1 (IS lH't.]}'I.'" (1-\ pI'Hl.ti(.ahlp a h(t1alll.pd 
systl'Ul. SlI hjt'(.t to tlw ('ollll i t ion tha t t Iw tl'all
p()sitions in t hr pOWl'r 
(.ir('uit are not rl'quired to 1)(' Il'S"; than 0111' 1l1ill' 
part. eXl"l'pt as 
Il'odified h
- (1) 
hoYP. In Ion!! uuifnI'lll sl
l"tions of pHrallpl. barrels 

ix lnilr
 ill len
th 
hould h"l' 
uffÎ<'il'nt. Transpositions should hI' 
omittl'd at thl' jUllttioll points of ..;n('l"
s>.;iyp harrt
]s. 
.). Thp flupstion of thl' most {'('ollolllieal Sl'}lP1lIP to aeenlllplish the PUI'- 
pOSt' ShH JI ê11 WHYS ht' ('onsidpl'pd" Effort :-:h
, II ht, llladl' to util iz(' as 111(1 ny 
a.;; pra(.til"ahle of thl' t'xistillg' trau'"ipusitions. 
It is sug-gt-''Íecl th<it in ('asp of a short sl'l"tiol1 of new lillt'. not snffieil'nt 
of it:'\elf to l'eqllire transpositions. bnt ,,-hieh is likely to h
 extpJHIl'll 
la tt'r so that tran "l)()sitioll-\ ,,"ouhl t hPll he np('ps:.;a r.,.. ('onsidera tion hr 

á \"PH to the èHh"isahil ity of iusta lIing Olle or nlore suitably lo('atpd trC'lls- 
positiolls ill the nt'w 
(.(.tion of lilH' whilt-' it is ]H'ing' l"Ollstrueh'd in order 
to Hyoid illterruptill
 the spr\"il'c hy adding tnllbPositiolh after,,-ards. 
F.,.('('/Þf;fJI#.'<. ('<l
l'S of I'Hl'aI"'li:-;m may O('('U1' ,,1H'r(' th(> iUtPl'fpl'f'uCP is (hIP almost 
\\ holly to 1't'si(luëll \-OIt:ì
I'S awl ("UlTf'llts in ,,"hid. f'\-t'llt tn\n
lJositions in tile power 
("jr("nit art' not 1'l'<Jl1in'll. t'
n'pt as IIl'oddl
d in 1\- {(.). 


v. DESIGN, CONSTRUCTION AND ARRANGEMENT OF APPARATUS. 
(a) Quality and suitability. 
In (h'"i
llillg-. sp,,('ifyill
, OJ' nth('l'\\"is(' ddt'l'Iuillin;.! thp quality or snit- 
a hi I it," of (I pparatus to ])(' ('OlllJPl.t('d to Class I I PU\\ ct' or l"OllllllUH inl tioll 


.""hile barn-Is of approximately three miles, as pro\"ideò in 
 abo\.e, are generally 
to be employed, the shorter barrels sDE'Cified in 3 al'e sometim,"s necessalT in short 
parallels and in short sections of paråUels, in orctE'r to co-ordinate with tì1e discon- 
tinuitieR and obtain a }JJ"oIJPr degr{>e of halan
'p, 
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('il.('uits. Hlul ill 
uTaIH.?'ing 
H(.h 
pp
lI'Htns for n:-;l', effort slwll bc Blade to 
avoid, 
o far as is r('as()llahl
T pl'aeti('ahlp, all featnrps 
dtich ,\"ould t('I)(l 
to creatr or prOlllote i nduetive in Ü'l'ferellCc HIld('r either norn1al or 
H hJlOl'mH I cond it jOllS. .À \s illsÌfIlH'('''\ in a pp l
" ilJg the fo}'egoi ng', the fol- 
lowiug' l'HI('
 shall be obsrr\"ed, 


(b) Rotating machinery. 
In ol'(lt'I' t.o illl])I'ov(' ('OIHlitioIlS iPIl('I';llly, ('Oillptlllips O)wl'(ltillg" (
Iass 
1 I ])()\,"rr ('ir('nits slwllllwkt' (', pr,'- ('ffol,t to lI1iuilllll;(, the hi
h fre(LllCIl('Y 
rom I)()]l('n ts of voltag('s (lIHl ('lU'l'f'11 ts ('aHs('d hy rotating lllaehillcry, 1\ 11 
IH'W rotating' lnaehinpry shall ha ,"(' as nearly as practicable a pnre 
il1e 
""aye of yoltagp and shnlI not. in any ('(-J
(', tle\Tiate thcrpfronl to ('xcce<1 
the' limit set forth in tll<' prpsellt stcuHlar(lizati011 rules of the l\llleri('Hn 
Tnstitntp of Eh,(.trieli] En:.Ônp('rs. 
Xo gronnd ronn('rtion shall lw nspd 011 the annatnre winding of an 
a ltPl'l1 at in (J'-('lllTent U"l'nel"ator or 111otor eh,(.tril'H l]v cOllnc('tcd to a P owcr 

 
 ,r 
(.ir('nit in\'01\'('d in a IHH'l}Hil lWf'èl11p1 HIl]PSR I}wallS HI'(' rlnplo,\'('d to 

"Toid HIl1m]aIH.illg: t1l.-' ('ir('11it and to 1'('(1\1('(' tl'iplp-hal']))oni(. 1'('sidu;l1s êJS 
fal' as ]}la
r hI' fW('('SSal'.'" (llld }>ni(,ti('ahl(l. 


(c) Transformers and their connections. 
In onlet' t ha t th(' "'... v('-sha p(' of volt ag"(' an tl ('n 1'1'('111 IIWY 1)(' d ist OJ'tp( 1 
as ]i1t]
 :1,S prê1('tj('ah]p h.," transfOI']}lf'I'S, all Hew tl'í\llsfonllf'T'S Oll Class 
1 I pOW('l" rir('uits should have an f'x(.iting ('UITPnt as low fi
 is ('onsistpllt 
with good pr::lf'ticr. anå whi('h shall not. fit ratrd vo1tage, cXf'rcc1 10 
prl' ('('n1 of th(' full ]oê1d ('nrrf'ut ; ex('ppt that for transforIuers without 
llcutral ground rOllllP('tions on t11f' linp si(l(', tlw exciting current at 
n1tf'cl Y01t
lgP llfPtl not be lpss than 0,2 anlpprp, 
-\\,,11('rr thl't'r-plH-1
p trausforlllf'I's al'p Plnployed \\"ith grunnùcd neuÌI'a1s 
th(' ('01'(' typr is prt'frrable to tll(. shell typP. 
Tran
forlll('f'S OJ' transfornl(,l' hank
 shall not be g-ronnded at su(.h 
l'oints of thpi1' ,,'inding'8 as to ullhalau("C' a f'ollnr(.ted cir('uit invo1\,p<1 in 
él norlna I pa ralI(' 1. -4\:-; Ï1n porta lit ('asps nndf'r th is ru] e, no grounded 

ing1e-phHsP, groIullh'd thl'pp-wire two-phase, or grounded open-stal' 
three-phasf (,ollnt'rtion slw]] ])(' so (,JlIploy('d. 
1\0 stal'-('ollnpC'tpd transforlllt'l'S or autotransfOl'lners shall be l'IH- 
ploypd with a g'1'onndpd neutral on the side connected to a thrpe-phaR
 
power eirenit invo1,"('d in a normal para1Jel, unless low-impedan('p 
dplta-rolllwch'd Sf'('olldal','T or 1 ertiliry ,,"in dings or othPI' equivalC'nt 
11IPênl
 are used for ,
lIppl'('ssing thp tl'iplt' lwruloBir ('olllponents of the 
]'psi (lna I voltagps and (.u ITPnts in t 1'0<11 wed h,\' t hf' transforlners. 
Care shall 1)(' take}) that t11<' indi\'idual units in each grountÜ'd- 
n('utr
l baIlk of t f';Hlsfol'mt'rs. connected to a (.ircuit Ü1volvcd in a 
JI ornw I pand] ('1. a 1'(' a1 i kf' as to ty (1(' and rHting', iu(.lu(1in gall ple(.triC'èl 1 
('ha ra(.t('rist l('s. and t ha t they. arc sinlilarly éonnectcd, so as not to 
1IIlhH]all('f' th(' eircuit, 
(1Iospd-d(,lta ('onnp(.ti()})s slwll bf' nsed ,,"h('I'pvrr präC'tirahle in pref('l'- 
PIH'e to OIWll-tlplta ('ou])('(,tiol1s 011 thr'p('-phas(' po\\"er ('ir('uits in'Tolvt
d ill 
JlortllHl pal'alle1s, \rlwlI opt'll-dplta ('OIJlH,(.tiOlls al'(' f'lllployed, an pffort 
slHlll 1)(' ]) lêl< 1(' to d istl'i h11 tp SH(' h (;01l1w(.tioll
 eqna lIy alllong the three 
phasps. 
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\r ht'l'(l tri pIe harlll011 ie l'f'si<l ual yoltagl's and éurrell ts due to 
ta r- 
('OIlIW("Íl'(l transforulcr banks exist in anlonnt<;; which ('an not IH.J 
toIpl'ated. an(I it is iIwxpedipllt to isolatf' the tran"'ifOrnler n('utl'als. sl1<.h 
rf'sid 1I
1l"'i sha.ll he }Ï111Ït..'<l hy op('l'at i I1g t hf' trallsforlllPrs at l'edlH'('(1 
IHHU'lwtir' <lcl1si h- or In- ot h('r a '-a ila hIe Hlcans. 
r .. 


(d) Rectifiers. 
H(,(.tifiC'l'S Hll(l otlH'I' ílppal'ëlhls tending- to <lisbH't tl)(' a1tf'I'natillg t."l1r- 
I'Pllt Wèl\'P \\-hl'11 installt'd 011 POW('I' linps illyoh pel in normal paI'
dl('ls. 

hall. if 11{'(.e.-.;SHI.Y. l\{-' f1f{uipp('<l ,,"ith suitahlf' au\:iliary apparatus to 
prrn>Jlt harluful distortion of the ,,-aye-fOrIH of power-eil'éuit voltag<' 
or current. 


(e) Switches. 
Eaeh oiI-hl'eak s,,-it('h in a p(Hn'I'-eil'l'uit inyoh-ell in a pal'
tll('1. 10('(ltl'(1 
Lrtwcl'n tlw sour('f' 01' :-,dun'(',"'i of ellPrg-y and thp parallel. and u")l,d for 
\'11PI'
 17iHi! or dp-f>nergi7i JIg tlH' eireu it. Shè\ II ha \T(' a II poll''''; nll'ehani('
lly 
int('I'('011lH'('Ìl'l1 for :-:illlultan(>ous êl<.tioll Thpl'e 
hall he at l(>ast 011(' 
:-iu(.h switeh so Io('atl'(1 as to control the supply of ('n('r
y to (,èich 
pO\\"f'r eireuit iu,-oI\'ed in a paralll'l, and, f'X('ppt at statiolls wIH're 
an OJwl'Htor is ('onstilntly OIl tlut." "Heh 
witl"h sIndl he IHH(le autoll1a1 if' 
fOl' 
hol"t (.il'l'uits. gl'oUIHl'i. and in ('a:-;...' of gl'oulIde(I llPutral ('ireuits. 
for ahnornlë11 J}f'utral grúnnd
. 
(.arefnl ('ollsidpration sllt-d] hf' gi\'('n to BleHns of Ininiluizing tt'ansi('J)f 
disturballef'....; eaused h
T 
,\-iÍ('hing up(
ration
 on (.la

 II po\\,pr eir('uit:-\. 
\\"hi('h ,,-ould CHU"'ie indul'ti\-e interft'renl'l'. 'Vhel'eyer pral'til'Hble pro- 
yisioll shall he Inadp for switching on the station-side rather than on th(' 
lill
-side of tran"foruwl' bt-tuks, 
Oil-break 
wit('hf's. ha\"ill
 their polp
 Ineehànically inter('onneéted for 
silllultnneous a(.tion. shall he pro,-Ül(
d ,\-h('1'I'\"('1' th(' Us(
 of ail' swit('IH'
 
or noninterconneeted 
ingle- pole oil swit(, hp
 would ('3 H
C harnlÍul 
transient di
turbanees in parallel eOllll11Unieation tÌrl'uits. 


(f) Fuses. 
S\\ i tchps shall 0<:' tl"ed instet-td of IHH ill line fust.'
 w hel'cycr pract i('a hip 
in a power eireuit inyolyed in a parallel. 


(g) Electrolytic lightning arresters. 
\\Th(.111 eIpl"trolytir lightning' t-tITl'sters art' t'lllployed on a power ('il'('uit 
in\-oh-ed in :l part-tllel tht.'y shall 1)(' f'quippf'd ,\ ith auxiliar.\r ('hargiug' 
J'f'sistan('es and eoutaets :-;0 arrt-tug"et! that the horn 
aps al'(' 
hOl't- 
(.irru ited at the tÏ111e of (' ha rging. to avoid. as far a
 pO"'isible, the 
prOdl1<,tion of ar('s, 


(h) Special instruments. 
He1iH hIt, i IIdi(.t-t ting dt'yi(.('s sha 11 h(> installl'tl at the SOUl'('l' of xU ppI,\" 
of powt>r rirr'uits in\
ohW('d in parallels, to illforl1l the OIw1'atol'
 iUll1W- 
diatf'ly of ahnorl1lal ('onrlition
. 
ur'h as gronnd
. and ,vhereyer po

ibl(', 
('pen ('ir('uit". whi('h ht-tYP not opel'ntt'(l HutOHWti(. switt"llt's. 
\\YlwneYt'l' a IH'U t ral 
 rOll uti ('011 1}I'(.t ion is PHi plOYt'J on a c.irl"ui t 
in ,'oh'pd in t-t 1'<1 l'a IIpl, all arll llH'tf'l'. ...;11 itt-t hit, for llleasuring the cnrrent 
ill the n('1Itl't-t I nn(lf'r nOl'lllal opt't'a ti ng ('()IHli tinns. shaH be iusta Hell ill 
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<'è1('h n('utl'a1 ('onnl't"tion to gl'OUIHl at th(
 Blain g('nPl'atin
 alld luaill 
attpn(led suhst:-1tions On t h
 pO\\"l
f" sy
t('lll rlpl'trically councetcù to the 
(.ir("l}i1 illYoIYt.
d in the parallel. 


(i) Communication apparatus. 
....\11 Hppèll'atl1s rlp('tri('all.,- POI1I1('(.tpd to lIwtal1iC' ('Olll1111Ulieation ('ir- 
('Hits inyolYt'd in pal'allt'ls shall 1)(' d('sign('d and ('Ollstl'll<'tt'(l so 
s 10 
Sf'(,HI'P as n('arl.'"' a
 prH(,ti(,êìhlp an (-le('tn'èltt' halau("(' of thp scries 
illl(H'clan("('s (-lJul tlw èHhnit1èUl('('S to (
èI)'th of the' two sidPN of thr' c-il'- 
('Hits in Ordf'l' to nlÏuilnizp th(
 dptrimental f'ffp(.ts of ill(luctioll frolH 
paral1(
1 power eirC'uits, 


VI. OPERATION AN D MAINTENANCE. 


(a) General requirements. 
Powt'!' a lid ('OI111Hll11 i('Htion ('onl pan it's slwll usp ëtll rpè}sOllH hie In('aIlS 
10 opl'I'at<
 and lIHlintain (.ir('lIit
 in\'oln
d in pal,ëtllc'ls in SH(,h H lnaunpl' 
èlS to lninilulz<, llltl'rft'I'l'}WP un.]('l' 1"0llditioJls of nOl'llw1 operat iOIl, au(} 
to LI\'oicl Ìl
allsi(,llt distuI'hèUH'rs. 


(b) Balance. 
In thp lllèlin1l'nfll}(,(, of h()1h pl)\n'.' fllld (OOlllllllllli('ation l'irc'Hits 
inyoh'pd in Pèll'ètllt'ls 
IH'c'ial ('(-1)'(1 shèl11 hp 
.6n'l1 to HIl' pI'PYt'It1iotJ of 
J)J('(.IJèll)jc'al èlnd plpetl'i('()1 faihll'ps whi('h "would ('aus(' or ])I'OIl}()tf' 
tl'ansi('nt di
tlll'hm}('C's 0)' HllhahltJ('(
S 
1tt'h HS thosp clup to tI'('(
-f!TOlltJds, 
(1pfpc,tiyp 01' did,'" ins1l1at(H's 01' other fHUJtS, 
The \.()ltagps and ('UI'I'('nts of POWt'1' ("i l'('U its i Ilynl vp<1 in Pèll'() l1e1s slwll 
hr kppt ba1an('pd as ('1mwl
" as pra(,tieahle and ac(Òidental ullhalalH'po; 
shèlll 1)(' prolliptly ('orr(
(,tpd, 


(c) Record of neutral current. 
...\t. (-111 point:-; on gl'o\lll(lC'd lH'utntl 
ys1(,lllS ('ql1ippC'd as 1'C'(l'lil'f'd ill \r 
(II). th(
 po".pl' ('OlllIHUIY shall o\).";C'l'Yf' aud 1'C'('()I'd daily thp approxilllèltf' 
I11ë-JXillllnn llPtltral ('lU'rl'nt. 


(d) Transformers. 
X 0 tl'anSfOl'lnCI'S ('OIl lll'('tl'(} to POWPI' ('ir(.1t its ill y01 \'('(1 in not'tHèd 
]Hu'a11l'ls shaH he oppratc'd êlt nlon' than 10 ]H'I' ('l'IIt Hho\'(
 tll<'il
 I'att'd 
yoJtagp. \\"hel'l'ypr pI'èH"ti('ahlp in easp of pxistillg' f'qUi])lllf'llt alld in all 
easps of ]lC'W Pq 11 i plll('ll 1. t l'èUlsÏorllH'r ha II k..; wit h grounded Jl('l1 tra Is 011 
tllf' si(h
 \\'hi('h is ('onl}(,(.tpd to H pO\\'Pl' (.in'nit iuyo1Yt'd in a JIOJ'JlJrtl 
]Hll'allC'1 shallllot h(' oJ)('ratt'd at lIlore thml ;) pt']' ('put auovc thpÍl' rHtpd 
yoltag(\. 


(e) Switching. 
Tn Hli s\\-itc.hing' olH'J'atiol)"; ('Hr(' shal1 1)(' tëtk('11 to ayoid, so I'èll' as 
possih1C'. the prolln(.tion of lWl'lllfu] transit'nt distul'har}('('". 


(f) Charging electrolytic lightning arresters. 
\Yh(,ll, notw11 hstHuding' ('0111 plian('(' with V (y). illtel'ferentc is (.ausrd 
hy ('ha I
ging ('lp(,t rolyti(' lig'h tl1 ing arrt'stprs, SUe 11 (' ha l'gil1g sha 11 h(' d
)lw 
at night, 
o far (IS is possihle, prcfel'ablJ' hetw<'en 2 a,I11. and -l a,rn, 
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(9) Abnormal conditions. 
Power cOIHpanil\S shall adopt opl't'atiJ)g' rule's whil'h slwll ,pecitil'all
" 
ontlinf' the prol"pdure for thpir operators during tinl
S whpn a powpr 
l"irl"uit inyoh"ed in a parallt>l is a hnorlHally nn halan('ed. as will oreur 
with fln open. grounded or short-eÏr('uited linp or tran
forlller windill
. 
Such rules shall in general IH'o\-idt.> for t he dis
ontinnanl'e of opera- 
tion of the power line nntil tht=' fault is renledieù. excepting onl.) those 
case
 where it is rlear that the ser,"i('e rendpred the public by eOl1- 
tinuing operation of this section of power line is of greater in1portanf"r 
t hall the eOHIUtunieation spr,"Ï<'(
 interrupte(l hy 
u
h continue(l 
oppration, 
\Yhen it is IH
ees....;ary to f'nergize a defecti,"e po\\-er line in ordclo to 
lo('ate a fault. ('are shall hl' takpl1 to flyoid, as far as possihlp, repeatl'dly 
l'1ll'rgizing allY s(,l'tion of such line \vhi(.h parallel
 c0I111nnnientioH 
('ir('uits, until thp fault has ht-'pu cl(larel1. 'Yhpue,"er pos-.;ihle the faultr 

t>(.tion of line 
hall not he energized Hlore than once until dis('Ol1!lp('ted 
froln the seetioll of line involved in the parallel. 
To fat.ilitate the study and prevention of disturban('e
 in cOll1IDuni- 
eatioll (Oi reui ts. ol'l"èlsiollPd h

 tra 11S i
llt eond i tions of power (Oi r('u its. 
i-weurate l'el"ord shall he k<-'pt of the nature and tiute of Ot'('lu'rPllee of 
failures, ehanges in opt'rating art'ëlllg't'Hlent:-; antI all 
wit("hin
 during 
t iutes of alHlolotual ('OlH1itiollS of Clas;o., 11 powp!" t"ilO('uit
 invol\,pd ill 
p<ll'ëtllt'ls; nlHI of all tt'an
it'llt distl1l'hèllH't',
 ill ('()llIllllllli('atiolJ (.j!'('llits, 
'1'11(>s(> I'p('ol'ds shalJ h(> Blëtdt' a\'ailahlt' rOI' USfl ill t..
...iIH
' tI)(, (.aUSf'S t'" 
:-itu.h tt'.lllsit'll t d ist t Il'ha JH"l'S. 


EXHIBIT. 
ARRANGEMENT AND SPACING OF POWER CONDUCTORSo 


Supplementing IV (b) and IV (c). 
'fhl' arrangenlf'nt and spaeing of the conductors of po,yer circuit"" are 
of ilnportan(Op in c1etprlnining (1) the unhalanres or inequalities 
êUllOl1g' tlip ('apfwitan(òC's of the C'onduetolos to groul1(l. wI-deh eanse 
residual ,
()1tagt'
 and CUl'l'pnts. and (2) the intt'llsity of the indut,tÎYt> 
('tf('(.ts pr'O( 1u(.pd in ('OHllll un i(.tltion ('i rruits l>v the ba laul'C'd \"oltug'ps 
êlud ('lUTPll t...; of parallel pow(\r (.i rel1it.s, For"' sPl"tions of lint' wit Ìl i 11 
]iHlit
 of pal'allpls, ("ollsidt'ratioll of the iu(hH'tiv(' effects ;;honld in t)'
I1- 
:-, 
f'rëtl eon t 1'01 ra t h('r tha n ronsideration of the eapat'itanl'f' l111hahuwt's. 
l
-'or 
el.tions of line ontsidp the lin1Ïts of parallels, consideration of 
('apa(Oltauee unhalauc
s should he gi,'en the greater \\
eight, parti('nlarl o \" 
fOl o (.irruit...; opernt<>d without grol111<ÌetlnE'l1trals. 
Tlw fignres and ('OJlIpariSOlls gi,"en lIe1'{-'iu apply to nontransposl'd (-ir- 
(.nits, but the l'on1parison
 of different ronfigurations hold also for 
tr'a nspnsed ('ir('uits. pr()\"idecl the eircu its are transpo
ed if It-'l\ til'ally. 
] f therp were no irreg:nl aritif's or ínexa('tn(-'ssp
 to inlpair thp cfÏecti ,"e- 
Hess of a transposition f'.,"stPl1l. it ,,'ould be po:-,sihle theoretically, 
llegle(otillg' the effect of pha
E' (Ohang'{-' and attenuation. to ohtain a 
fì(>rfp(.t halaJ}(,
 h.\T JUf'ans of transpo
itions. irrpspectiye of the arrange- 
}}WJlt of t hI' ('ondU(.tol":-'. Prac'tj('a l1y. howe,"l'l', ci r('u i ts CYPH ,dH'1l 
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carcfull.," tl'anspo:-wd lwyr fI l1wtcl'ial J'r
H1tallt 111) hahHWr, pa rtieularly 
nt the frl)qlH'IWit'R of t1)(> hig'hel' hal'lIloni(.s. and 1his l.lnhHlauee i", 
proportional to the ullhalaJH'e dlèH'al.tpl'i
tie of thr rirr-uit configuration. 
I n a sÏ1uilar JUHIHlPr tlw l'rsultHnt indnrtion dUl) 10 a po\ver cirruit is 
proportional to thr inÍfjnsit
T of thr ilHhwtion rharacterlstic of 1hl' 
eonfignration. Configuration
 diffrr widely in rrspert to thcir char- 
a(.t(->ri
tic uubalaures and i1Jtpnsiti('s of indu('tion, SOJl1e art'angen)Pu1s, 
l)[l ).tir'ularly of twi n eireui ts, g:iying fn 11." 90 Iwr <,rnt J PRS 1111 halallc'rs 
01' induetion than othrrR, 
The efferts of the arrangpnlPllt and spac'ing of r'onductors on the 
1IIlhalêlll('PS of th(->11' ('apa(.itaIH'(18 to grOtllllt and on the indlletion pro- 
(h(('
c1 in pèu'allf)] 
01nlHlIni('ation l'ireuits al'e disl'USs(
d 
rlHu'aÌf)l
T. 


EFPECT O
 CAP
\CrT.ANcE UNB.\TJANCE. 
In grnpral, the rapacitallrrs to ground of thr ronduetor,; of a nOll- 
transposed 1l1nltieondll(.tor ('irrnit arf' nneqllët1. the nlflgnitude of the 
pprceutag{-\ unbalanrrs bring df-'terlllinpd hy, alH1 thrrpfore f'harar1.f>r'lstie 
of, the ronfig'uratiol1 of th(> cir('uit. This" eharartcristir u11balal1
e" is 
HIl i111portant fartor in detPrIl1ining thp rpsidllal voltage of a ein'uit 
i"olatrd froln ground. and in lletern1Ïning th(> residual rurn1nt of a 
gTo1tndpd n('1ttt
èll (.il'e1tit, in so fat' a'i sneh current is cans('f1 hy till) lÎ1w 
itself. 'raking' as a IneaS1U'(> of the chal'aeteristie un balanee, the 
j'l'sidual voltage of a 
hort, unifornl, nontransposed circuit \\'ithont 
B)etanic connpction to ground and cnergizrd with balanecd thr(
e-plwse 
vo1tag-p:-; het\\'P{-\ll ('oJulnetors. teruwd the "(' hara(.t(Jristit" residual volt- 
ag:r," the following tahle affords a cOHlpari"on of va rious f'oníiguratinlls 
of single-l'ir('uit po\\"pr lines over the pra(.ti('al range of cross-sèetL.nlal 
diJuensions, 


Characteristic Residual Voltage; Per Cent of Balanced Three-phase Voltage 
Between Conductors. 


Configuration 
J'
qllila tf'ral t ri angle __________________________________________________ 
1iertical ________________________________________________________________ 
IforiJ'-ontal- 
S ynlm('t ri ca I _ __ __ ___ ____ _________ ____ __ _ __ __ ____________ -____________ 
L"n 
 ymme tri ca I _ _______ _______ _______.________________________________ 
J :-:os('plf's tri angle- 
J
a
c horizon t a I _____________________________________________________ 
Ua 
c v('rtical - _______________________________________________________ 


0.5 to 4 
6 to 11 


5 to 9 
7 to 11 


" r 
'J __ _ __ __ __ __ __ __ ____ __ __ ______ _ _ ____ ___________________ __ ______ _______ 


o to 8 
0,5 to 9 
2 to 6 
4 to 7 


I It "f'rtpd "1/' _________ __________________________________________________ 


'rriang'ular cirruits haye the SJna ll(}st un halan('rs and ehararteristic 
rrsidual volta
es. SY11111lrtriral horizontal and vertical eir(,Hit
 are 
ahout alikr, th
 YrrtÏf:
ll having slig'htly the gl'catrr. and. lUls)'lnnwtri('fll 
horizon ta I eir('uits ha \'e the largpst. 'rhe (.hararteristic re
idna I yo1t- 
agcs of synllnetrical horizontal and vt'rtiral eonfig'urations are f['oln 2 
to 8 tilHes that of a corrf-'
ponding rquilateral triangular rÎrl'nit, 
(lppending upon the spal'lng and h{'ight of the eonductors. 'rhc 
c-haracteristir rr'iidual voltages of unsyulHletrira] horizontal cireuits ftl'e 
ahout 20 pCI' cpnt greater than those of synl1netriral horizontal (.ir- 
(,lIits. 'rJwy nUl)', ho\\Y('Ycr, hp ]'('dltc.(
c1 to t1)os(' of th(' :-;ynlJllctri(Òal ('asp:o; 



FIN .\TJ RFPOR1' OX lXD{
CTI\
 ISTEHFF.REXCE 


43 


if the po:-;itiotJ of the> intpl'lll(.diatp ('()l1dw.tol' 1s a1tl'l'llah
ll :-.n that its 
ê1yerage position i
 Ini(lway lwtw('('n th(1 Ì\'.O outside (.onduetol..'-\. (If 
tllt' cirC'uit is transpcst'll this l'Oll(lition should 1)(-. fnlfilIt1d in eadl st'C'tion 
hc>tween transpositions,) 
The l"haral"teristil" rpsidual yoltages of equilateral triangular ('ir('uit,; 
arp dosl-'ly proportional to the C'onc1netor sp()(.ing, bnt the conductor I'\pal'- 
inQ' ha
 but little efft-(.t in the ('aSf'S of yprtiral and ho!'izontal eir('uits, 
\Yïth t,,'iu-(.ir('uit hlle
 it is possihle to illtt'I'('OIHl(.(.t the t\\
O eir('nit..; 

o that their unhalalll't'
 tend to 11(1utralizf-', giving sBlaller resnltant 
lInhalau<.-ps amon:.! the ('a()(ìl'itH})("f'
 of pairs of intl'r'('onne(.ted ('lHI- 
du(.tor
 than tlw unhalanees aHlong the rondul'tors of individual 
eirl'uits. For twin eireuits of any type the JlIl1::\imunl unhalanees Ol"cur 
,dlt-'n ('ondlH.tors sYlllnletri('all,\
 lo('ated with respect to an interulediÐte 
vel'tiral plane are at ('0InI110n potential. This arrangelnrnt should be 
avoided in all ('ases. 
_For circuit::; of tJw Ye"'rti('al type"', or with top and lowf"'st conductors 
ill a yertif'al plane and n1Ïd(lle ('onduC'tol's displaeed out,,-ard a slliall 
distance. the luininllll11 resultant unhalall('E'
 arp obtained ,,,hen the top 
('ondnetor...; of the two eir('uits arc at ('0111111011 p()t(-->lltial an(1 the lniddh> 
au(1 lo'n:
st l"onductors of one C'irruit ar(--> at thE' potentials of the lowest 
and lniddle l'ondu(.tors rt-'spcrtively of thp otlwr, (SeE' Figs. 1 Hnd 2.) 
For triangular and horizon tal (.ireuits thE' Inininnnn rt-'''';u It(\ nt Ull ha 1- 
.illll'PS are ohtainell wlll'11 si l11ila rly ph-h'ed ("ondu(.tors of cadI circuit a t'c 
:1 t l'OllllllOn IH)tf'11 tia1. (
E'f' Fi
'", :
. -! and :>.) T}H
""'è figu!'rs are CI'OS"'i- 

(,(.tiollal diagrauls, the conductor
 at C0111UIOn potential being shown as 
intereonlleeted, 
The resultant unbalancf'
 ,,-ith the
e arrangenlents (ire in SOllIe casps 
]"xs than] 0 per ('ent Hn(l ill genc:.ra I le
N than ."50 per cent of those ,,-ith 
the ,,"orst condition df-'sC'ribrd ab(n e. The arrangenlents indicated h,\
 
]1--"igs. 1, 2 and 3 giye resultant unhalall(,f'S of the order of magnitude of 
those of single-circuit equilaterial triangular lines of corresponding 
(.onductor spacing. while those of Fig
. -! and 5, in general, give greater 
unbalances, In all easps the rharactf>ristie rt.
idual yoltage is taken as 
the 11lt1aSnre of the unbalance. 
\Yherl
 ground \\'ir
s al"e nsrd or in ('aSl:)
 where unsynllllet rica I 
(.ireuit-.; or 11lOl'e than two l'lrl'uits arl' ill\"oh"l'(l. spC'c.iêll study 1...; lle('ps- 
S;IJ'Y to llptprlllÎlle HIP h('sì :trrang'I'IlH'nt. 
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\\'ïth twin eÜ'('uits of au\- ('mlfigul'f-\tioll if thp illtel'('OHnm.tioll g-i\ illg 
Hlaxinnun unhahuH"l' lw 
;ltel','d hy transposing tlH' interconncl"ting 
,,"i rlAS flw nIl halau('(' is hal Yed, The tWd 
......"1<,.,,,. u...... UNBALANCE 
po

ihlr inh'rcOl1Ilpl"tions resulting froln SV..........LTR.CAI- .....TE
COHNECT'ON 
thi
 prnl"t'durp are shown in .Fig', fL Thi:'\ 
pia n i
 w,efni ,,"hen thf1re is a doubt as to 
the hest arrallQ"elllf'nt. 
To obtain tll(
 !!.'reatl'st ë-tdYanta
e of 
, . '--' 0"1[- HALF .....,A){.p..4U..... u....eA..."'.....CE 
alTë-tngelllf'llt!'. giyillg' slllall ltnhaI}ln
p
 thr TR"t-1øPC>SCD IN"'ERCON""E:CTION
 
twin eir('nits 
hould he intf1reonn('l"te(1 at 
hoth pnds of tlw IilH' and at interIneùiat'
 
sHh
tatiol1s wherl' pra(.ti('ahh\. In ca
(',j 
\\-hprf
 Í\,"iu ("irl"l1its art' parallpled on t1\\' 
:-ìtatiun side of tran
fornll'r hanks hut l'all 
not 1w inter,'olllll'etl'd OIl tlw lin(
 sidf', it i...; 
still H(h,antag('ou.... to fi'\ flit' pha
f' I'platioll of the' f'olH1lH"1ors a
 if tlwy 
\\f'I'P to 1>p intf'I'("olll]('(.tf'(l TOI' Illiuillllllll ullhahllwl's. 
\\ïlf-'II tl'(lIISP()sill
 h\ ill-('il'c'"it litH''' to Sf'('Ul'P ('ap(wihtlwf' hf-l]f-tllf'f', 
11i(' two c.il'('uif1" shouJ(l hl' tntllsposl'd Ht thp SHlll(' points èllHI ('arp 
shouJd he takf'1l to 
C'('UI'(' tlw ('ollditioll for lltÏnilHlll11 Ullhalan(... ill ('
wh 
sp(.tioll of lint' JH'tWf'f'll tran};positions. (
e(' :F'ig, !), h(']ow.) 
Thl' for('
oilJ
 fa(.ts h(-l\"(' an illlpol'tant l)(>(-Iring' on the llHBdwl' of 
i l'allspositiollS rp(lUÜ'p(] to }ldE'qnatE'l
y halRIll'e difft'rent tYpf1S of (.ircuits. 
Hlorp frpqnpl1 t tr;Hlspositions 1)('in
 Hl't"Pssa l'Y in ('ir('u its of la 1'g'P l"ha r- 
èwtf'l'isti(' unbahllH..'es. This h(-l
 bf1PI1 considered in [V (r). 
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EFFECT ox l:-\DrcTlüx FR(J
I B
\LXXCED ''''OL T_\GES .\
D CCRREXT
. 
Thf' typP of pc}\\'cr ("irc'nit produ('ing thp ](';1st il1<1uc.ti\"e effc\('ts in ëI 
IHI I'
tl ],.1 ('(HllHllI11 i('a tion ('i I','U it dp}H'IH 1
 11 pOll t hp spèlf'i ng ot thp ('011- 
clu(.tor
 and tlH
 
c'par}lfion from thp ('oIlIlHUni(.rttioI1 (.il'('uit, Tn g"('Ill'l'al. 
fOJ. ()11 typf'S of (,ir('uit. (HI iIH"r('asf' in thp 
pH('iIlg of th.. POW"I' 
(")! J<h wtOI'S ('(1 tI "f'S a I )J'O po rf io na t(:> i 1)(, )"pn"" in t hp II)(J go 11 i t u dc' of till' 
i B( h 1<'t i \'
 pfff'(.ts. Exc'pssi '"C' 
p(lf'i ng should t hpl'l-'forp I)(
 a yoidp(l 
On tJH' otlH'r hand. alllple sp()(.ing- to prf'Yc'nt 8hort-("ir('uits or gl'ollIHl
. 
dup to sno\\'. ,,-ind, hirds. ('te.. is pssputial frolu thf' standpoint of 
lndlwtiye intertel'eIHÒ('. as w(
ll }lS froll1 that of powc-'r seryiee. 
:For litH's separated hr the width of ë-tn ordiual'.'- highway. a yerti("al 
t
l)P of power eirl"uit. in general. cause...; the slllalle
t indu(.ti,
p effeet". 
,,-hile the horizontal typt's ('ausl-' the grl-'àtl-'st l
ffpet
, thp triangular types 
heing intprIllediate in this respe('t, The re1atiye nlèrit" of different 
("lonfignrations YRry sOIllf',,-hat ,,"ith thp sl'pRratioll of the Ì\\"O c'la
ses of 
1inps Rnd with the c1itnellsioIl" of the po,,'er circuit. d p pcnc1ing fJlso 
upon thc\ r['latiye Ï1nporh\I1l"l-' of thf' halanl't'd ,'oltag'ps an(l currents ill 
produ('ing ill(lu("tion. 
}'or low-\"oltagp hurizontal I iup", l.jJTO yo1t
 or ]pss, a s.\-l111upb'i('al 
arrangf'IHl'nt of till' eondu(.tors is hpttpl' than an HnsYlllllletrieal arrange- 
II1PUt. }."'or lint's of illl,\" ,'oltagp. if (In llllSYIIlJl)C'tJ'if'al al'l'allg'PHwllt is 
IISP(]. tht' intl'I'IHC'diatt' t'UlHhll'toJ' ...hcHdd hp di"ipl;lC't'd towHI'(l tht
 (10111- 
IU\Ul i('atioll l"il'c'llit, lIt'I1('p. 1II1S,\"lllllwt I,it',d hOl'izontal PU\\-t'l' (.irc'llit
 
() JOIIg' h i
"dl\\"(IYs should Iw n.. t he' intt'rlllt'd iatp ('f)lldu(.tor plw.pcl on th(' 
:-:id,. of tll(' poles {fJlI'ord Illt r()ntl. \dlf'1'l' c'olllllnlllil"Htioll (.il'('Hit" Hrc', or 
)llay he, loc'atpd on the oppositC' side of tlw road, 
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'V}Jen two or lllOre synl'lll'onol.lS ('ir('uit!': are carried on one line it is 
poç,;",ible to interconnect the ('OIH1uctOI
S of the two circuits or otherwise 
fix their phasp rdations so that a pal'tial neutralization of the inductiye 
f'ttects t:d
('s place, j1'or twin pil'('nits of the yertil"al type. or \yith thp 
top and lowest eOJlllu(.tors in a YC'l'ti('nl plaup and the Iuirldle condurtors 
displa('ed outward a slnall distance, the Inost 
fa yora hh, ('ondition is in general, to have the 
diagonaHy opposite conductors at common 
potential. (Sf>e Figs. 7 and 8.) 
:F'or circuits of other types the most favor- 
I able Hlethod of connection varies \vith the 
I I spaeing' and height of the po\yer conductors 
FlG.7 FIG.8 
M[THO'O
 01" IMTEN.C:ONNI!:C.TloN and ,,-ith their position relative to the conl- 
(:AUSINQ MINIMLJM INDUCTive llluniratinn circuit. Thus it is not possible 
f:FFtt:T S 
to give a genrral recommendation, since 
spprial stud,v is rl'fJuir('d in rarh spreifi(' rase to drternlÏne the lnost 
íHhTH.ntagrolis JIwthod of interronn(,(.tion. Rpc(.ial :study is a Iso requirí'd 
for linrs rarrying JllOre than two rircnits of the saIne or differcnt volt- 
agp:o;, for l.llJs
TnlJllrtri('al double-circuit lines, and in cases "'here ground 
,,-ire.
 are l1spd. 
In transposing twin-('irl"uit line.;;; to nrutl'al1ze the inductive rtÏects in 
parallel rotllllllUll('ation eil'('l1i1s. a slnJÏlar prpef\ution 
hould h(' ob
.;pl'ved, 
:lS notrd ahovc, with resppct to tran"ipositions for capacitance þalance. 
(Spe Fig, 9,) 


, , 
** 
I 


RECOMl\IENDED CO
FIGUR
\TIONS. 
rr
d\ing into a(
('onHt hoth ('ff('('t", ahoy<, dis(òtlsscd aud pnlrti('al (.011- 
si(lpl'èl1 iOBS of ('OlJst nu.tion , the ('ql1 i I at el'a I t ria l1
nla r ('oníign l'èI tioll 
fl'itl]('l' 111(' "horjy,ollt:ll-hase" or ,c,rishhone" type') is in genel'al re(ÒOIn- 
111<'11(1('<1 fOl' SilJgl,,-('il'('uit po'n'l
 linl's 
 al1<l the YPI,ti(Òal rOIlHgltl'iltiou 
(il)('lt[(.1iH
 typ(' of ('Ollstl'Ul'tioB wi1h 11)i<l<lI<' ('o))dtu.tol':'\ displèl(.rd 
sl i
h t I," out wa I,d froIJI V('e1 i('al rhllJc' of t 11(' OtlH}l' two) for twill-eir('u it 
])()\\"rr liBe's. 
TIlt' nwt 110<1 of t I'H llsposi ng' twin \'t'rtit'a 1 Ii I1('S to presf'rve 1 he hest 
J'(,latioJl of in1('l'(.onuC'(.tC'ù ('oll<lu(.tol.s ho1h outside' and insicle lilnits of 
parallrl
 is illll
tratl'<1 ill ,.B'ig. D, one h:-uT('1 heing sho\\ II in cadI lo('atioll. 


REPERENCE. 
FUf'Ul('r infornwt ion ('oJH'rrning the 'snhjrct di
('lIss(1d in this pxhibit 
,rill h(' found in Tp('hni(':l1 H(,pol'ts Kos, 51, ()4- and ()!) of 111" 
Joint COTIl- 
JH i1.tpc on 1 IH 111<.t i Y(-' In terfp)'('l)C'P. rrhcs(' and other tC(' hni('al rpporh; 
:1l"l' to be puhlished h,v the stèltc of California. 


COMMENTS ON RULES.* 
rrhree ])I'incipal fl'atures are to lJe noted in 1"011lparillg the revj
ed 
rnles .with Gpnrral Ordrr 1\0. 39: 
1. rrhr arrèlng'('nIPllt }ws h(,(,11 PHt in'l.r èllt(}l'ed in order to group 
}'('hü(,d provisioJls of thp I'tll('s :111<1 fa(.ilitate nl)(ling any l'articulnr 
suh.jcet, 


*Xot ÍntelH1ell to he indut1(.cl in l)l'opo
e(l General Orùer. 
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 .\IJ HEPOI{1' ON lXl>lJC'I'I\ E IKTERFEREKCE 


2, TIH
 }>L'i Il(.ip l
 uf ('o-oppration in the dete1'll1Ïna tiun of rJll'al1
 f()l. 
a VOitlè1l1('C and III itig-a1 ion of intprference ha
 lwcn mnphasized tlu'ongh- 
out in coujun(.tioll ,,'ith definite guiding rulr
 ,,'here it is pra(,til'ahle to 
introdul'(' then1. ..\.n exall1ple of this is the spel'ifie procedure óutlineù 
in I'! (d) for thc transposition of lines ,yithin parallels. 
3. SOlne of the rules -of a preeantionäl'Y nature are not lin1Ïted to 
lines inyolvpd in parallels and apparatus eonneetcd th('reto, but apply 
to all ne\v l'onstruetion. . 
SOlI1C of tl1(:) ruh's art' disl'nss(
d ill detail belo,v: 


I. General provisions. 


(fl) AjJjJlicf/ùilily (if lllllrs, 
In adopt.i JIg 1 h('sp ('ttIl's in Cêll i forll ia, it \nHtI<1 he Înad viscl hIe, ill th is 
tioHUHitt.p("s opinioll, to Hlèt1U' tlWHI l'<'tl'Oê)(.tivp, '1'0 apply th(") l'ul('s 10 
aJ1 ('xis1ing' ('OllS1I'tH.tioll w01l1d ('(111 for cxt('l)sivc ('haug'('s ill plant OIl 
the Iwr't of I)()w('r' Hnd ('oJlluluni('atiolJ ('OlHIH\nil's. par.tit"u1ar1.v in tran
- 
posing' OJ' )"(.tr';lnsposing" I)()Wl
r cl1)d t(')pphouc JiJ}('s within paJ'al1pls. 
((ollsidp('ahlp filliP would he' n('('C'ssal'.\r for la,\"ing' out the tl'HJlSposi1 ion 

Wh('ll)(,X, as (';1(.h pHl'alJpl r'('(j1lil'ps a sp('('ial stud,\
 in order to d(>terlninc 
thp Ulost (>ff(,(,tive S(')wnlC'. lf the tranxposition ,,"ork wcrc to he ('al'- 
}'j('d out int1('pPJHlpntly of othl'l' rceonstruC'tion, the extra eost and 
int('rruption to servi('c would h
 ilnportant itpnls and .would involve an 
nndue hHrclship. cxeept in cases of serious indurtivc interfcrenee vvhich 
t)H
 rnlps proyide shall lw HttPlldpd to prolllptly. See I (rl). It }w..; 
ar('ordingly been (lppnled advisable to lÏ1nit the application of the rules 
g(,TIC'rally to new ('onstrnetion, eXl'ept thos(' rules ,vhirh deal ,vith main- 
t('IHIl)('(} and op('ration wh('r
 no rpason for 811<'h lirnitation C'xists. 'rhe 
ulld('rl,\'illg prin('iple is that all npv{ and reconstruc-ted plant, as it is 
built or install('d, shall hC' nlHdc to eonforIn with these rules. 


(ù) CO-opcl"ation. 
\Vithou1 èI PI'oIH'l' spirit of ('û-opPl'ation on t1)(1 [1;11'1 of po\rer [lrIll 
('Olll HI 1111 i('a t ion ('0111 pH n ips, no l'ull's l'pspC'(,ti ng ÜIl1tWt i ve i ntprfceen('c 
('cH1 J)P ('xI)('(.ted to havc a. full n1('a8U1'C of 811rc('s....... '1'0 get the bcst 
results, it is ('sx('utiHl tlwt pa(.h pörty, op(->röting eithpr (.lass of utilit.y, 
reeogllize aud have regard for the rights and interests of the ot.her 
part,v, and al:-;o th
 conveniC'nl'p of the pnblie as affected by the several 
kinds of f.iervief'. .An attitude of indiff
rf'ncc, or of perfun(.tory adher- 
pnre to the letter of the rules ,vithout giviug consideration to all thc 
various rele\Tänt ('ir('lullShl11l'eS, l11êlY to a large ('xtellt vitiatr the results 
('ontpmplatC'd in thpse rulps. 'rhe' right p
oeednre to mnploy in any 
('a
(' of intC'rf(
rener. aetllal or impending. dcpC'nds upon a variety of 
fê\('tor's. 
'HI('h a
 the ehal'Hrter an<1 inlpOrhln{'(' of the s<,rviee involv('d, 
tlw rffp{,t 011 existing plant. tl1<' rrlation of presC'nt prorcdure to futurc 
phu}s of the partiC's ('on('pr'lH'(1. l)(>si<1ps. of ('onrsc, the relative costs 
alld pff(}(.ti \Tprw
s of d i fff'l't'llt pr'(u'pclll r('s, all of ,vh ich d<,mand 
CO-O})<'I'a tion. 


((') /l r ill(';/)/(' ()f 1.I('((.'\t (f()sl, 
"1"]1(>1'(' th('I'(' (11'(> 1\\0 OJ' IHor'(' di1fl'I'(>1l1 JIll'th()(lx ê1Yëlilah1l' fUl' a\roidin
 
Ol' pffp(,tiv('l.\' }uitiga1iug an iJlt(,l.f(>rCl1<'(', pllhli(, itlterpst rC'(Juires that 
the Inethocl of least total cost should be adoph'd. If alternative lllcthods 
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afronl difY('J'('ut dt>gTPt'''\ of ..t'ft'c,tiYI'J)pss, 1ht' })I(.thocl ,,\t'l..c'f..c1. if Hof fliP 
lIlust P1fc'c.tiYc>, Jlllts1 at Ip(l,,1 hc> Ollt' whic.ll ,,-ill g-iyt' satisf;'1.('tor.\
 rt'snlt=,. 
III gf'J}t'l'aL 1 h
 Blost t'ffc.(.t i \"f' llH>t hod should hc> ('hns('Jl ('xc'(>pt wlwl't' 
the sàvil1g in ('ost rpalized h.v anothc'r 1l1pth(Hl is suhstantial ::Ind the 
sêl('rifi('e of effe(.tiYPIH.s,..., is not 
f'rious. In applying this prinf'iph
 to 
individual praetieal ra
è
, thp Ïlnportan('e of the partieular sc>ryi('e 
afft'(.ted should lw tak(-'n into 3C'('onnt ::Iud 3 grade of seryi('p lnaintêlined 
",hieh is atlpqnate and proper for thp f'onrlitions of t11p (.ase. 


(d) Existillg Parallels, 
rrhi
 rul(' has bepn (lrawn to f'onfonn to thp prinf'iplp pxplainpd in 
the' disc'ussioH un<1t'l' ((f) ahove. To eart' for east's of 
ì('riotls illtc>J'- 
fC'I'PIl('t'. p.'oyision is nlHcle that sn('l
 ("HS(>
 :-;]wll h(> dc.(dt \\ ith pl'olllpt1y. 
II. Definitions. 


(a) rZass II Pon'cr Circuits. 
This designates H restricted class of electrieal suppl
T cirrnits and is 
intt>}Hlpd to (1('(.01'<1 ,,"ith the terluinology of other orders of this state 
alH.l (>lsewhere relative to inductiye interfprence and pllysical hazard. 
This dass ('overs the great }najorit

 of ('ir('uits causing disturhanf'PR. 
:Ele('tri(. rail\\'a
T. series lighting and rertain other circnitq arc treated 
separatpl
T in 
-\pppndix T. 


(b) Flret rieall y 001111 ccfcd. 
ce Elp(.trif'::Il" ronnection is clisting-uishpd fronl ce nlêlgnpti('" connec- 
tion, Elpctricall
7 (.onnected apparatuR afte(.t:o- the halan(.c of a f'ireuit 
with respeet to l>a.,th. ,,-hilt' thp ('orJ'pspcHHling efft'l't of nHlgnf'ti('alJ,v 
eonn('('ff'(l apparatu
 is neg]igihle. 


(c) Signal eil'cllits. 
This i
 snhs1antialh
 Hi(' definition !!iYt'n in tli(' Kational El(>('tril' 

afpty C()clc
 (Cir('IIIë1I: Xo, G-l of the (
.'-R, Dl1J't'an of StaJ1(lal'<1s). 


(d) (1oìllJ1111nh'alinn ril.('uifs. 
.\ r(-.
trirtc'd elflss of signal (.irc-uits. Other signal ei.'C'uits (}J'C ('011- 
sidt'r(>d ill Apppndix I. 


(i) Barrel. 
This tprl11. while nlost cOHnnonly usc
d in connt'l'tion ,,'ith three-plH1sl> 
thrt'l>-wÏJe (.irc'Hits. ëtpplic's in priJ1(.iple to any <-lr('uit llêl\"ing two or 
}))Ol'(' Hlt.tallic ('ondu(.tor,,_ slIt.h. for (\xanlple. as a four-wire' ci}'ruit. in 
whi(.h ('as
 a harlOt'} lnèl

 h{> 
c'('llrpd hy t11I'c>(' tl'êlIlSP(NitioIlS at qHarh'r 
poillts in a unifol'lll sc.(.tion of linp. 


(1) antI (lit,) J:ttlanfu] and Itu;Îdual '''(Jlf(/[fUi aud r'Uì'J'cnls. 
TIll' dt>tiltitiolls of l'('si(luHls !!iYPIl arC' idpntic'al ill }u(>anilt!! \\ ith those 
of nc>lteral ().'dpI' 
o, :
9_ hut tllc',\" nre 11101"(' fully (\xplailt"('(l an<1 c'on- 
tI'astt>d with balaJ)('('(l voJtag'c'." and C'1lJ'I'PlltS. 
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Tlw division of vD1t.ag'(
s and elll'L'PIlts of po\\'er cire-uits into balancf'd 
alld residua I ('OU1POllPllts is fuudalll(\ntal to the consid
ration of effects 
of trall.
positions, power-e-ireuit configuration, 1 f'anSfOl'l11er eonnettions, 
ete. 


III. Location of lines. 


(fl.) A roirl ance of Pa rallcls. 
TJw first and nlUst obviollS ìneans of prcvpnting induc-tiY0 intcrferenre 
is to avoid tll(' dO:-i(' asso('iation of POW(-'l" (lIHl COnl1ll1111i('ation ('ir('nits, 
1 1 '1It'1lwf', it is l'(\('og:nizpd that in no 011wr way rall ('()}upl(
te fl'e(
do]H 
rrofH intpf'fpl'(>n('p J)(' 
.wellt'('d. \Vhilp, with tl1(, (.vel'-ill('reasing ll('t- 
\rol'k of elp(.tr'i('al (.if'('uits of all kinds. a(lpqllHtp spparatioH to avoj(l 
i ntPf'fpl'f'I}('P is hl'(" 01 11 i tlg' i Il('f'easingly d ifti('u It 1 () HI;I ill tHin, t.he Conl- 
lllittpp fet.ls that th(' l111POI.tèUl('P of s1I('11 !owpaf'atioll .illstifi(
s itR hpiJl
 
1 tlèH le th(' 1irst l)}'Pluise ill rules designed to Pl'C\ycnt inductivc 
1 ntC'f'fl'I'(>llce. 


(b) .LVotire of Tnteution. 
In or(ler to S('('Ul'e the tinH' ess(->ntial for ch-,ft.rluining the propC'r pro- 
(.(.dnre in ease of a parallel, aùvan('e notice is" nccessary. rrhl'ough the 
OPl)Ortuuity for co-operative stud.v thus af'fur'dpd, lneans of avoidance 
Ü1' designs to reduee the intC'rferellce r
n be worked ont in ad vauc'c and 
appli<,d during' the course of construction, at nlininnnn cost and beforc 
illtprft1l'Cllce devplops. 


(c) j)istanc( Between L,tnes. 
Since the induetive f'ffe(.ts c1('e}'PèlsP rapidly ,vith the separation of the 
parallel lines, the Ïlnportalll"e of this rule is evident. rrhe effectiveness 
of transpositions dt-'JWIl<]S upon the creation of lllutually neutralizing 
i lid U(,t i \'e df('('ts ill ueig;h boring' seetions of ci reuit and "Till in gt
npl'a I 
1)(} inlpail'(-,d if the intt-'nsity of indnction is differcnt in different sec- 
tion
 of the parallpl. IIpl1('e unifornlity of sppaL'ation is ÏInportant. 


(d) Lengf h of J}arallel. 
Other things hC'ing cqnal. the induf'tive pfÏects of a parallel Inercase 
in proportion to its lellg"t h, ] r ence, parallels should be 1nade as short 
as pra(.ti('ahle. 


(e) Dis('onfiHllit1'es. 
In gPllPra), the more dis<:ontinnitips th('rp are in a parallcl the nlore 
1f'Hllspositiuns are t'Pqnirecl in hoth pOWt1r find ('OlllnnUlil'ation rircnits 
to provide' effp(,tive halalH'p, Rnd SilH'C fl'f'quently it is difficult or 
ÌJllpraetieahlp, in the dpsign and layont of traJlsposition S('hellles, to take 
Ü1to êl('('OUllÌ 1ninor dis('ontilluitips ,,"hi(.h t<,nd to nullify the effeetive- 
llt'ss of the transpositiol1R, an dis(,olltillÜitips should he"' avoiderl as far 
as pra('t icable i tl the lo('ation and ('otl!-;trnetioll of Ii nes, 
)fany instanees have OC('lllTPd ,yhere the first line along- a road crossed 
at frequent intervals in order to ûheapen construction. This procedure 
(')'eates diffieu1tips for any line snh
pquently constrlH.ted. besidés greatly 
('onlpli('ating the transposition S('hP1l1C rcqnirpd to reduce inductive 
ill t (' rfp}'('11 ('e. 
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IV. Design and construction of lines. 
(0) (;( H( J'nl }tNjUiJ'(IJl( Ills. 
As a priluary c-ol1sidpratioIl, power ana ('olnl1llUlieation lines ,yhi("h 
nre liable to IJecome involvpd in parallels should he dp
igned and e011- 

trncted in a proper lllanllPr. with dup regard to features affecting' 
intprferel1ce. such as insulation, 
eYere transient disturban(.t's to ('ODl- 
nluni('ation eireuits (lup to ahnOl'llWl conditions on power lint'
 
c'onstitute a serious prohleul bel"ëtusp there are no effective Dleans of 
oVt'rl'olHing- thl:'l11. lIenee, tht' inlportanc-e of good c-ollstrnetion in pl'e- 
Yt>llt.iJlg' the O('CUl'l'f'J}('e ùf faihu'(ls on po\\'er (.ir(.uits. Fortunately, 
('oHstru(.tion whieh 1I1et't
 this Í111portant nt
l'd win ;11so lwxt iusttl'e 
1111 i II tt'J'I'1I ptt1d St1JTÏ('(1 of f ht' P()\\"(-'l' systPIll it'"a-lf. 


(iJ) ..In'f1H!}f mrllt "ud Sj}((('iu!I of j)oU'( J' ('OJlrlUl'[OJ'S. 
Thp arl'angl'JlleIlt and spacing' of the eondu(.turs of power ('ircuits are 
of inlportanl"e in dpternlining- the eircnit unhalanl"es ,,'hi('h give rise to 
r(l
i(llials. and in cleternlÏning the intpnsit
v of the inclul"tioll in parallel 
comlnlUlieation circuits due to balanced yoItages and currents. By 
proper considE'ration of this luatter in the design and cOI1"ìtructiol1 of 
Jinrs, the interferenc.e-produc.ing characteristics of such lines may be 
Inateria]]y If's.,enecl ,,-ith little or no additional l'0
t. This is partic-u- 
larly true of lnulti-circuit lines in ,,-hirh easp great benefit nlay be 
seenrt'd SiUIP]Y by care in fixing the pha
e relation:-; aUlong' the condnc- 
tcn'
 of the different cir(;uÏtso Due to lack of generall
T available 
infornlation on this 
uhjel"t it is cleelned allvisable to give. in the forIlI 
of an exhibit a brief resumé of the COlnn1Ïttee's tet'hnic'al data bearing 
on the snbjel"t thus nwking pos-;ihle intelligent rOll1pliance with the rule. 
This rule ið not Inalldator
. with respec.t tn any particular arrange- 
IIlPnt of eonductors, for while sonle arrangenH:'nts have important 
ath-antagps over others it ic;; inach-isahlp to thus restrict the type of line 
('ollstruction, when in n1any case
. by {'areful transposition of the line, 
thl' de;-;irt'd en(l can he attainpd 1110re ('heaply. 'Yhere\-er praeticahlt>, 
however, the hf'nents derived h
. favorahle arrangell1ents of conductors 
should be sought a
 an additional 
è1fpgnard against interference, 
particularlr ill cas
 of Hlajor parallels, The great ht
Jlefits ohtainahle hy 
Rllyantageons luethod
 of illter('Onne(.tion of twin circuits should be 
st-'('ured in all 
uch lines. 
Two ,,-ire bralH.hes. nlt'talli('alh
 connpetf'd to a tl1rpe-pha!":c circuit, 
inht:>rently llllhalaucp the thl'el'-pl
ase f'ireuits. Eyell short brallthes of 
this charac-ter }}}ay ('HlISl
 an nnhalan(.p ('qual to that of the three-phase 
c-ireuit without transpositions, 'I'lw t ionunittpe realizps that the nse of 
Sill.h branc-he:-, offf'rs an e('ollon1Ït'HI llleêll}S of supplying- RIHallloads and 
that therefore they sho1l1cl not he ahsolutt-Iy prohihited. }
Yery effort 
should. ho\\'eYer. lw Blade to ayoiil t11P1l1. 

ingle-wire grounded POWPl' (.it'(Onits are inlH>reutly ('onlplpt
ly unhal- 
ant.p(l. that is. the eutirt-> yo1tage and ('UITPnt are rt'sidllHL hpl}('e th(-, al'(' 
pa rt i(.nhu'}y t ronh h
SOlllt. to p,tJ';d lpl (Omnnnuli('ation eil'l"ll its. . 
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(i') TnIJlSIJiJ....iliiJu.... -Of /I('I'al. 
rrhr U tl ha la IH'ed ('a p
.tt' i tè\l}('pS 10 g'l'( HI tld of poweL" (.i r(.uits are an 
Üuporhillt ('aURp of r('sidual \'oltag('s :tn(1 l'url'ents, This is true of 
g'1'Otllld(}d neutral (1:-; well as isoJf!tf'd ('ir('uits bnt is of greater Ïtllpor- 
tan('(:' with l"eferell('e to th(> Jatter, ,Yhi1<:> 1'11(.h unbalanl'l's H1in
 h.:' 
lpsseIlpd b
T ohserving- ('ertain pre('antions ill the arrangement' and 
s])f!C'lng- of the ('o11..11u,tors as discns
ed ahove this is not in itself suffi- 
C'ient and the ('ir(.nit Innst, in gelH'ral, he transposed RO that rèlch 
('oll<1u("tor ot..('upies an of the eondul'tor positions for equal distances, 
with dlH' rpgard to di
eontinuities, In othl"r words, an intt'gJ'al lllUnhpl' 
of ba JTe1s, 11111st be installed hl'Ì\\'(
en tl'rnlinals or s\\'it(.h i Ilg' poi Ilts. 
Thp )(.ugt hs of hèlJTl'1 S plO('ifi('d a lOp haspd 011 t 11(' nnha 1:1 11(.('d eapacltancl's 
(.hèu'aetel'istil' of the ditfer'(Jl)t ('oufig1u'ations (uHI UpOIJ phasl'-('hang'p aud 
attplIIU\t1ou at the harulOnie frpquenl.i(':-; whi...h l"Hn
e th(
 g'rcater por- 
t ion of till> i IItt-'rferenl"P to telephone ('1 reuih
. 
In respect to IIlrtallie eUJl1mnni('ation eireuits, particularly telephone 
('in'nits. tlw H10r(} pf'l'fp(.t1y th(:> eapèH.itan('ps of thp ('ondu(.tors are 
halanced, the less t he disturbing effects of induction froln parallel power 
('ir("uits. {
nlt>ss the eondnctorð of a cirt.'nit are sYInnletricaUy placed 
with re."pect to earth and all otlH'r condnetors on thp line, transposi- 
tions arp llee('s
ar.\" to f'qnalizp thp eapa('itanees to g-ronnd of the t\VO 

it.lps of the ('ir('ui1. 'felt'phonc rircuits are usuan
l transposed with 
r(>spert to one anothl:>r and tht'se transpositions suhstantia]J.v meet the 
rt
<inirenlpnts of this rule. 
Ohviousl
". to nndprtakf> the trêHlsposition ()f tl1(' \,hole of an cxtpllsive 
power network at the tiuu> of the en}atioll of a paloaJIel, is very 
(>xpt'llsivp, parti('lllarly in yÏ<>w of tIlt' interruption to servi('e orrasioncd 
thereh\". Ou thp otlWl' hand. in thl> initial ('on
tr1wtion or during' 
!!{>ll(>rë{l r{>("ollstrH(.tioll, :1n adt'quate transposition systelll ('an usually he 
instaJll'(1 at slHall ('ost as (\ dl'tinitl' })èll't, of th.. (.Ollstr'lH.tioll \vol'k, Bn(.h 
transpositions, L(>sÏlh's set'ving' to litnit the l'Psidua]s in all pal'alJt>l.
 with 
('OBllllt'.'(,ja J ('OtH})l uni('atioll (' i ]"('ll its, a 1'(' èI Iso lw}}..ti('la 1 in rl'tlu('ing the 
indll(.tioll in pr,jvatt; tt')(}phollp (.irellits \\"hi('h arc of tell Oil tht} SèlnlP 
poll's, ] t is J'pt.'ognizl>d that sonH' power circuits, paetiC'ularl.v tho
e of 
l'xtra high voltage, are loeated on privatl' rights of \\yay, at 
nch 
distanl'Ps frolu hig'hways that tnulspositions are not ne('cssary for the 
proteetion of ('olullluni..ation lines, :-lnel pro\Tision has ael'ortlingly been 
1nade for thc exclnption of such (.irruits fronI the general rrquirelllcnt 
of transpo
itions at the tÜnp of eonstrnetiotl, In some ("ases, the 
proxin1Ïty withont transpositions p{>rInitted hy the ex(
pption m:1Y result 
in S(>t'ioHS interf('rt>ll('e, and 
pt'('ial stnc1y should h(1 given to cases 
whidl art. on the hor(h'l' line, 
] 11 tIll' nwtt('l' of ..xlstilq!' pO\\"('t' ('i r(' 11 its, nnd Jl('\V p(H\Tcr (.i
ocHits 
f'()lning' 111)(1(>}' ill(' ahovp ('X('(Opt ion, wh it. h h..1'(,(\ fhor h('('0111(' ill volv('d in 
pandl('ls, (HOovisioll i:-; HlëHl.. that thl'.'" shall tJWll h(
 transposf'd snf{j- 
(.il'ut)y to Jinlit their I'('si(hwl \"o)tages and ('lIlTl>nt
 to amounts wl1i(.h 
('an hl' to]l'rHÌl.t.L 
illl'l' in thesp ('ast's t\\"o or nIOI'(} pal'ti('
 arf' (.oIl(.cl'lll'll, 
it i."'ì IH'o\'idl'd that thl' IH'('('."sa I'Y t.'(\ Ilspositioll SYStt'11l I'haJi ht' dt.tt'I'- 
utill(,..l ('o-op('I'ati\'(>Jy. 
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(d) Tra us pusit iOJls-I u:;;(h Lilll its of Pal'aUel s. 
'TJ'rt Ilspositioll sy:-;tpl11S in hot h power 3nd ('0Inn1unieation (li r('llits 
wbp}J prop
rJ.\
 ('o-ordiuHtpd offer th(} 1110St reliahle and effp(,tiye n1eans 
of pr'en'uting' intt>rfpJ'l'l}('P froIll tll(} hëtlan('('d yoltage" and ('UITCllts of 
th
 powpr cir('nits, 
Tn ('ontrw
t ,,'jtlt th(} ('OJ'J'(l"'ipondill!f J'HIp of (
t'n('ral (h'd(.J' .Ko. :

). 
,dll('h n)lo\\,pd t h
 ('cHnIH 1li1 j(.rtt ion ('Olllpa n
. to Rpp('if

 t hp 11 lunbcr all(l 
l(watioI1 of tliP t},èlll
positions III thp PO\H'l' eirl'nit, this revispd rn1(" 
pt'oyjdps that hoth IHtl'ti<>s shall ('o-npprrtt p to dt'l"ide npon the trans- 
position sl'helne to 1)(' f'tnplo
 Pll. Tn the:, PR."t In08t of the "'ork of 
de,"'iig'lJiug' tl'itllspo:-;ition sl'hpnl
s for parallt'ls has h
C'n done hy the 
f'0l11111Uuicatioll cOIn pêln if's. hut so fit r as this (innnnittee is a".a rc th(' 
Tlegotiations rplclting th('r('to hayC' heen gt'neralJ
" condu(.ted ill a 
pirit 
of eo-operation. 
Three-111ile halTP]s in thrp('-phëlSl' power eirt'nits co-ordinClte satisfa('- 
toril
r \\'ith telpphonf 1 trrtll,position Sysh}IlIS uow ayailahle (desigllpd 
partil"uhtrl
 for rireuits inYo]ypd in pClrallpb) aud arp short enongh 
:-i() that the efff'(.t of phase-ehan:!(}=1< along thp linp, in ÌInpairill
 thp 
("fn('ipl1('.'
 uf tIw tra nspo...,it ion St' h(lIlW, i
 SIHa 11. The orni
sion of 
tnt n:-;positloHS Ht t hl' jUJ}(.tiol] poi nts of 1)(1 rrels dOt's not u"llall
. in1 pa i r 
thl' ('o-ordination of the trHnspcsition systt'BlS cunl is advantagpous in 
]'pdneing' the t1ffp(.t of phClSp-(.haJlgy hesidps rpdul.ing the 1111luher of 
po\\"pr trallsposition
, 1 t i;"oa inlPossihle in a rule to sppcify exactly tlIr 
sIHH'ings of transpositions within prtrrtl1p]s t'ithpl" in powpr 01' tplephollC' 
) i IlP
 siu('e tht' spaein
,!,s rp( lllÏrpd Yar
r with the (.irclullstHllees bei ng 
l'onsid
rabl.,
 influenl"ed hy the lpngth of thp parallel and by thp clis- 
('ontinnities in hoth (.ICl
:-;es of linp. 
BarrpI
 Ip
s than three n1Ï)p
 in length are often Yer
? useful for ðE'eur- 
ing pcollon1Ïeal and satisfa
tor
' schelnes of transpositions. hut ill the 
hig-her voltage line..; thp diffit'ulty and eX}H-'IÞ;e of installation are RlH.h 
that they are justifil
d only in PX('pptiollal cases. For lines of lo,yer 
yoltages. paralleh ar
 Inore nuulèrou
 and shorter barreb are practi- 
(1able, a]
o the greater lia},ility of clisl'ontinuities (sHell as branch 
loads) in 10w-voItag'e linp,s relldcl's neeessary tllp greater t1exibilit

 of 

horter barrels. The rlllt's al'l'ordillgly Blake distinction hetween lines 

bove 30.000 volts and those brlow 50.000 vo1t
 ill specifying n1Ìniunull 
Ipl1g-ths of barrp1. The linIÏtation
 art> id
ntical with those uf General 
Order Xo. :19, 
Revf'ral 
ehenles of ('o-Ol'dinatl}d trallsposition
 call he designed for 
an
? givpn pc1ra)Jel depending' upon the utilization of existing tran:-.- 
positions, ll}ngth of barrel. t
l)e of telephone transposition systeul and 
di:-;continuitit's. OhyiollSh
. that srhen1P inyolyin o ' tnin inulIll total ('ost 


hou]d U
lHtJl
- he e hose11.' (
enerêl }]
. in a new p;;.a lIel it is e("onoulil"èll 
to tr:-1nsposp the ne"" linp to ('o-ordinate in part. at least, ,,-ith the exist- 
ing transpositions of the prior line, 


v. Design, construction and arrangement of apparatus. 


(a) ()llality {[lid Sllilf/hilif!!, 
The saUlt l (,ollsid('ratiolJ
 that are nleJltiollecl uudel' 1\..... (a) ".hil"h 
dpuland ('are in the design and ('ollstruetÍon of po\yer and eOlnmunica- 


.The effect of phase-change is dis\.u
se(\ in Technical Report :\0. 66. 



;)
 


FI:'I: \IJ HEPOH'l' O
 IKIH 'CTIYF. IXTEI{I<'FHENCE 


tion litH's to PI'(
Yf'nt illdurtiyc illt(,l'ferrnr(
 aud to securc ('oJltjlluity of 
sPl'\'i('e, apply :dso to th(' appal'atu
 l'0I111Peteù to sueh lines. 


(b) RutaliJ/g Jlachinery. 
T1H' plinlinntioll of higher hal'I110ni(.s fl'OIH the wave forlll of rotating 
1I1ê\('hilH'l'Y strikps nt tlw 
onrf'f' of disturhflnl'c to telpphonc cirf'uits by 
l'('lllo,-ing an lUHh'rh-illt!' ('a use, It is ohviouslv a matter whi<,h can best 
hf' ('Hl'f'r1 for in spf'(:ifi(.
ltiOlls for new maf'hine'ry, 
In proyjding that the dl'yiê-ltion fronl a pure sine ,,'ave shall not 
(
x(,f'pd the ]iUlit set forth Ül tlw lH'espnt standardiz
Üion rules of the 
.AIHeriran J nstitute of Elp(.t1'i('al I
n
:dnerrs. it Ü; recog'nized that this 
I inlit i.
 ul1satisfaetol'Y, This COllllnittep has hppn in correspondence 
,rith a cOllunittee of thf' .....\lller,i(.an Institute of Electriral Engineers 
,,'hi(' h lws nnl1er ('ollsidpl'atiol1 the revision of the Institute's present 
rule on thp suhjp(.t. It i
 pxpeeted that th(
 rf>visf>d standardization rule 
,,'in hf' J110rp satisfa(.tor
-, and it is r(ì('onl111endrd that this revised rule, 
,,-hen is-';l1(-,(l, }w l'(ì('oQ'nizf'd hy the Conullission. 
Tl1f' Ï1nprovenlelli' of wa v
-fonu in rotating' nladlin(ìr
r is essentia]]y 
êl ]11'01>1(>111 for thp nlèHHlfèH.tn1'p)' nlld all lH'W I1lHChirH's should he 
d(
sig'nf'd with this in yie\\', rrhis Conl1nitt(
c understands that sl1h- 

talltial inq)l'O\-pnH}llt in this dirr(.tion can be cffe('h
d at relatively 
:-ìlllêIll <"o.-.;t. hp}H'p thi
 is Ollf' of tlw g'pnpl'ul lH'pealltioIlltl'r rules Jlwd(' 
a p p li('è\ hlf' to a 11 nc"
 ('on
t l'lwtion, }'or t hp iUlprOYP111f'nt of ('ond it ions 
\"ith rpspcrot to Ina(-hines alr'pnd
- HH1llnfêH.tnrpd HIHl insta11pd, the UF;C 
of (ll
vieps or "net\yorks" extf'rnal to th(l Inarhinf>, df'signf'd to shunt 
thp tl'onh1<>sonH\ high-fr(
qupn('y ('olllpOnents fron1 thc 1 inc, probably 
offpl's the 1110St f'('otlonti('al solution, The usP of s\1('h devices may even 
p1'o\'f' l
('ollmllit'al ,yith nt'\\' HUH,hines, 
rrhf' proYisioll Hgain,t grounding Hnnature windings is lh'signed to 
a\'oid a sonr('e of hu'ge hanHollic residuals. 


(c) T}'(1 Jlsfo}'m('}'.
 (/Jul Tlt ell' eon npcfioJ/s. 
J f hig'h nlê\g'llt
ti(' d('nsitip8 hf' Pln plo

(
d in t}'a nsfornlers, the exciting 
('lIl'rent is la rg(\ and largop hig-hpr hfl rlllOll it' ('01uponents arc introduced. 
Thr 10 p<'1' l"f'nt 11111it on è
('iting' C'lUT('nt here provided serves to guard 
against f'xtrpulp dpsig:ns InlÌ does not l'Pstriet prt:)sent F;tandard practice. 
It is sonlC,tilllPS (
cononli('al 1 () desig'll sl11all units for a greater exciting 
('nrrput, Bankx of Xll<.h slllall units. opprated ,,'ithout neutral ground 
f'ollnretiolls on thp lint' side, cJo relativplv little harn1. henf'e thc 
('x(,pption, Lo,,' f'x('iting ('lllTrnt is rnHf'h ];lOr(\ inlportant for trans- 
fornH'rs of grolllldf'd IH'utrèll han k
 tlwn for transfonners operatcd 
\",it hont llwta 111(' ('onIlpction to gronnd, 
C'Ol'f'-typP thn\('-plH1SP trallsforIllers tc'lld Í() snppress thf'ir triple- 
hal'rnonir pxriting ('urrC'llts hy }})ntua] intera(,tion in the ('ores, This 

s nn ilnportant 'ad\ëlntagp ()
Tt
r Rh(
]]-typr transforlners, if thpre is a 
groHll(1(>11 nPlltl'nL HS it hel ps to 
llpprpss t 1'i pIp harnlOnic rrsidnals. 
rl'lIr gTolllHling' of tl'HllSfol'l)lP)' hanks at slleh points of their \\Tindillgs 
:1S to un halalw(, pO\\'PI' (,i n'l[ its ill volv{'d in pal'allpls is prohibited on 
a('c'ount of t hf' J'('sid un Ix t lH'rpln
 can
pd, 

tar-('(n1nf'('t('d 1 rèlJ1sfornlPl:s "Ình('l'('nt lv tend to f'èUlse triple- 
llarmonir l'(,,,,idl1ê1)s in ('olllw(-tpd tr':Il}s}}lis
i()n lines if thc neutral he 
grounded, Thc'sp residunls can hf' gl'catly rcduccd by providing a 
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shunt path for the triple-haru10ni(' cnrrent
 in thp forn1 of c1(I1ta- 
('OUll{.I(.t(lå ,,-illdings, hut sHeh delhl ,,-indings lnu
t be of relatively lo\v 
ÏInppdance in order to be effe('tiy
. Other Ineans, viz, oppration at 
low lllaglletic density. intPl'('onnp{.ted-star arrangen1ents. or proyision 
of star-dplta conl1Pf'teù trallsforUlE'rS as shunts for the triple harlnonic's 
cf star-star hanks, 11lay prOYe adequatE' in ,",Ollle cases, 
})issÏJnilarities of eleetriral ('haraeh
ristÜ's or ('onneetion
 among; the' 
diffE'rent transforlllers of a grounded-neutral bank (.ause thc power 
eireuit to he unbalal}('ed. 
Open-(h
lta l"UJlne('tion
 l"HHSe triple-harulollic' eurrents in transnÜssioll 
]ille
 ,,'hel'eas in ('lused-(lelta transfol"lller h(1nks, suc'h currents are 
lo(.ally r>onfined. 
The triple-harulOJlie residnals, whi(.h oe('ur in grounded star-connec.ted 
systenls, practicalJ,\" disappear when the neutrals are isolated, IIo\\'- 
eypr. it is not alwa
Ts desirable to isolate all neutrals, By reduction in 
operating voltagp or hy ('höllg'PS of transforu1er taps whirh rechH'e the 
llu1Q:netir dcnsity of ('onne(,ted transforn1crs rel:-1tivt'ly large redu(.tion 
in t1'i p 1(>-ha rJuon i(> l'psi( lunls llHty he etic(.tpd. This Inay in SOlllC ('a
(>s 
[)I'O\'C the siUIplest reuIC'dy for eXl"e:j
i\'e residuals. 


(e) Su:itclLLs. 
Thp opf'ration of swit('IHj
 is :-;(nnetÏ1nes the ca 11
;c' of severe transient 
,li:-;turhan('(>s in parallel (,{)l11JlIUnieation cireuits. rrhis is due in part 
to llo}Jsilllulta neons opel'a tion of t ht' sC'\'t'ra I polt
S uf t hc s\\-i t(. h ,yh ic'h 

'in.l
 rise Hlolnentarily to large residuals. Oil-hreak switches usually 
('olliplet(' the opening' or closing- of a eire-nit within a fe\\" C'yeles ,,,hile air 
s\\'it('hes l'PC]uirp a lnuch long-er tÎlne. 
In order to prpvpnt the ('ontinuancp of ahnonnal eonditions on PO\\'('l" 
('ir('uits with thf' ('onsequent disturbanf'e
. lines involved in parallels 
should bp dis('onupeted ÍIlln1ediatply upon the Ol"currence of failures, 
:lull ateordingly the rule provide:-{ that thpre shall be at least one 
autnluati(' s,,'itdl if prolnpt luannal control be not availahle. 
The trHnsipnt distnrhan(.(>s are less F;pvere "'hen s\\-itc.hing is per- 
fOl'lllP{l on thfl station side of transfonuer banks, hence this procedure is 
l'P('ouuuended "hen prarti('ahle. 


(f) Fuses. 
The"' sa HIC ronsidpl'ation of a yoidi 11 g' the 1a rg:e resic luals Ü1pic lel1t to 
1l0nSiIJIU1huH'OllS opening: of the s(
Y('ral pha,cs of a powrr circuit 
(l'(lferrC'd to 1llHlel' ,. S,,"itdws' '), dictates the preferen('e fur s\vitchcH 
i Ilstl'ad of fuses. 


(g) Ehcl1'olyt ie Lipht 11 i ng A 1'l"(, sl l-rs. 
Elpc'trol
.tie lightniug arrrsh'rs not (
(lnipped !)
 s})peified in this rule 
c'att,.,c hanuonic re,.,idnal
, due to areing. ,,'hi{'h HillY result in scvere 
.1isturl,auC't}H in parallel rOlunlunication circuits, The use of charging 
C'Ol1t:-1 ('ts and a nxi1 ia l'Y (" hargi ng' 1'('.;Ïsta n
('s 1aq?:e1r prp\.ell ts the a reing 
êtlld lc
ss(->tlS the rn.,h of ('UITent so that sneh di
turbances are greatly 
rpdu('t'cl. ..... "' 
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(ll) Special J11stnoncnts. 
Tlw ohj(.(ot of this rulr Ü; to provide for in1ffiediatr rpli('f f"Olll the 
H hllOI'HHt I d istu l'hê\l}('(
S of'("w-\ioued hy gT01Hlth:, open cir(Onits, etr., ,vhi('h 
(Oa lIS0 la rgf' l'rsidlla Is on power l'ircnits, by' giving notir-e of the existrncc 
of :..;ll{'h lInhahu}(Opd rouditions, 
.L\.JtllH('t<'rs ill flw ll('utrals of trêHlsfoJ')))('" hanks s('rvp to 1u(li('êÜ(: tlH' 
(l('gT(\r of haIHll('l' of the power tirenit. B,\r ohsrrving sl1C'h nwters, 
uu hà hnH'('s snwllt'I' than thos(
 whicoh would opC'rate (.ireuit hreakrrs 
ean hf' dett'(.tr(1. It is not n0('(,88,U'Y that such allllueters he (\onstantly 
in (Oir(Onit. and suitahle proyision shonld be nUH1e for thrir protection 
nnder ahnOrlllal conditions. 


(i) COr1l1nunication.J pparatus. 
I t is J}(\(O(,SSêU'Y to bê1I(] nf'e è18 areurately as practieahlr Inrtallic COln- 
lIlUni('atiol} eir(Onits Hull (>leetri('aHy connected apparatus in order to 
Jllinin1Îze the disturhing (Jft'e<..ts of parêtllel power circuits. 'l'his 
]'('({nirps tluÜ, s11eh apparatus he 
o designed and ('onneetrd as not to 
i nt1'o<.hl<"c Ü'l'(}g:ulê1 rities f'it hf'r in the Sf'ries inl!H'dan<.oC's of the two sides 
of the' circuit or in tlwir (-)(bnittan<.:èS to gTound, This applies to all 

lH'h appê1l'atns, illl'lncling- that uspd for superposrd gl'olInd(}(1 signalling 

ystc'JHS (surh as tl'lf'gTHph on telc'phonr), although snch hahuH'ing has 
llO 
fre('1 011 lntpl'fl'J'('nl'P with the snperposC'd grolll1(lc'cl systC'JII itself. 


VI. Operation and maintenance. 
(ù) Balancc, 
It is to he l'Xpl'(ot('d th;lt h
r ('êirpfnl insf)(.(.tion an(l Inaintpnan(Or 
i t)(.i pieut ('a llses of failul'(ì
 call 1.)(' dctc'etcd and COITP(.tpd hefore tJ}(..y 
clpvelop S('l'iOllS ("onS(
qll('n('{'s, In this "THY interruption to serviee can 
h(
 avoid..d as well as 
ev(-'re disturbau('es to parallel eoullliunication 
('ir(Ouits. 


(d) Tnl Jlsfunners. 
This rule is dl'signl'd to 1inlit the introdu(.tion of hêirnlonies aUf' to 
t'x('pssive IHaguetizHtion of trall
fornlers, which or(Our ,,-hen the
r arc 
opPJ'ê1tpc1 at voH.agrs ahove nonoal. Such overvoltage opC'ration is 
pal"tienlarl,v unde
Úrahle in the ease of grounrled-lleutral hanks of 
transfonners. 


(e) Sll:itchiuy, 
ExanlplC'8 of (OOlllplièlJ}('e with this rul" (11'(', the llS(' of oil-break 

\\,jt<'h('s with pol('s n}('('hanic:lll
T intereonnp('Ìl'cl for SillllLlt(llH'OH[o: 
ad ion In"'itp;-}d of Hir-hrpak switeht>s. 
;nvitc'hing on station side of 
t r'êlllsforlllPr hanks, and ('xprcise of speeiàl f';:U'(' in xyuc>hronizine:. 


(f) ebo}'fJin.fj f..'le('fJ'ol!J lic LifJhlniH.fj .Llrrestl'u:, 
In ('asps ",11(>1'(' lluti(.('(t hIp 1 nÌ('l'f(,l'('lwr is oC('ê1xioned h,v (oJutrgiug 
f'lpctrolyti(. lightning- H1TPstel'S equipppd as required in V (g), the 
d ixtllrhanee can be llwc1e less trouhlesOllJe hy cha rging thr111 during the 
f>arly morning honrs when tplephoue eircuits are little used. 
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(g) Abnnnna.[ (f(}Jldilions. 
In General Order Xo. 39. a n10re spt"l('ifi(. procedure is outlined than 
is here given. 'Yhilfl the general intent of the present rule is the sa111r. 
l110re latitude is given. ".ith the requiren1ent that operating rules shall 
})(> dpvrloped ,yith a vie,y of n1Ïnimizing the disturhing effeets upon 
uarallel conununication cirruits. 

 It i
 recognized that Ci:lse:-, will arise ,yhrre continuance of service 
over a faulty power circuit n1ay he of greater in1portance than the 
interruption to communication 
èrvice occasioned thereby and exception 
i
 nlade aecordingly to the general rulr that faulty po,,"er circuit
 shall 
not be re-el1ergized for operation until the fault is remedied, It is. of 
COltr
e. contemplated in sueh east's, thftt the fault shall be reJnedied at 
thp fir
t opportunity. . 
The nt:'ce:s.-;ity is evident for having accurate reeords of ahnorn1al 
O('('llITf
nce:-; è111d the switehillg ineident thert'to, for use in inve"'itigations 
to reluedy sueh conditions. 


Exhibit. 
It is provided in rule I'''' (b) that in the de..,ign and ronsh:uetion of 
rla
s II power liIH-'s. eonsideration shall be given to the configuration 
of sHeh lint's with a vie\\' to nlÏnÎInizing- their unhalau('cs aud their 
ludul"ti,ye effect
 in nl}ighhol'ing cOHnnnnication c-irC"uits. Configura- 
tions differ widely with respeet to t hei r clu1raetrri..;;;tie un halal1('
s and 
intensities of indu('tion. SOUle arrHngelnents. particularly of twin l"ir- 
('Hits. 
iving" onl
 ] 0 per cent or less of the unhalauel}s or induction 
!fi\"t-'ll hy others. In 111any cases, at little or no additional co
t, 
jut
rference Inay h
 Inaterially le."isened fronl ,yhat it otherwise \yould 
ht:' h
T giving proper consideration to this nlatter. 
-.:\s such inforn1ation is not always f'Hsily available. this exhibit has 
}wen prepared to give a brief sun1nlary of the Joint COlunlittee's 
trchnical data bearing on the subject, Doubtle

 many cases ,vill arise 
"yhieh will be beyond the scope of the reconnnendations n1ade in this 
-Exhibit. In sueh cases a spetial stud
y n1ay be n1ade. :\Iethods for 
parrying on such studie.s are desl'ribed in the Conl1nittee's Tec.hnieal 
Ht>ports whit.h are referred to in the Exhibit. 
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the dptaiIs of whidl should hp ngrp('d upon hy the pêll'ti(>s cOlH'erned in 
general aeeorc1allee \,-ith the follo,,-iug' pr()\"i
ioll;';: 
1. 'Yhere neré

ary. the two sides of thr lighting circuit should be 
run on one p()le line 'within the section where the interferenee 
is set up nnd ('o-ordinated systen1s of transpositions applied 
to the lighting' and h
lephone (.ir('uit
. 
C) Pl'pfprenee should he giy<:-n to those types of hunps and otl1rr 
eql1ipnlent ",hi<.h do not introc1uee high frequeney conlponflnts 
in the lig}lting current. The nse of in(.nndeSl.ent lanlps 
instead of arr lanlps is usuall
r ad,-antageous in this re.ç:pert. 
;t DUl3 rl'gard should be giyen to the insulation and halnnre of hoth 
thf' lig-htillg' and comnllu1Ïl"ation rir('uit", Balance of thp 
lighting' (.irl:nit requil'f'
 equalization of the yoltages to ground 
of th(\ two "ides of th(> eirl"uit within the :-;e(.tion where the 
two (.ircuit
 are in proxin1Ït
y. Thiç: necessitates that the cir- 
(.nit he ,,-ell illsnlatpd and in g'pneral that th(' 1êinlps hp siltlilarl.\r 
distributed in the two sidp;:oi of the cirl'uit with pqualnUnlbcl's 
uf lanlps in the t,,-o silles bet\yeen the 
ource of supply and 
the SP(.tioll of proxÌlllity. 


XOfE.- I t is ('olllmon I')racticr- jn city li!!ht ing to run sin
Ir--\Yirp circuits through 
many lamps in st'I'it'
, -':l'attt'rpd wieldy, Ï1l'.:re:HI of l"arr'yin
 tl1(' rdurH ("onclul'tor fill 
till-' sam.. linl'. e,r wll('rp thp Ì\\O ('onelUdors arc'" on tlH' ,:\1111' lint'. without halalH:illg' 
t III.ir ,'olt:,:.!...s to :.:"1'01lIle1. Hot It of tlu',.> ft'aturt.
 tpwl to ("r
ah> rt'sieluals and to 
..allst' S('\'Pl'(' iwhl(.t i,"(' PfTPct
 in Iwhd,hOl'ill:! si
Jlal ciJ'('1Iit
. 
It sh01llcll,e pradi('ahlp, hy ("are in la,\"in
' out 
nch li
hring' ('ircuits. ancl in lo('atiB
 
illll'ort:mt tf-'lpphollP liw>s, 
uch <l
 toll liw-:.: which el('CUPY hut a ff'\\" :-;trl'pts. to anliel 
dosf-' proximity hetwePIl tllPse cl:I
S'\"; of circuits. In tho,,
 eas.,s "herp IJro-ximity i
 
uWl\"oidahle, it is l'os:.:ihl(', hy runnin
 l,orh 
i(lt's of the lig-htill!! circuit elo:-;p .tog"t>tIH'r 
011 the same line. hy C:lre În distrihutill
 thp lam],.;;: :\IId ,,
. transpusin
 thp circuit 
within the spctiOll of proximity, greatly tu rt>dtH,p the rcsidmlls. 
.\.. considerable differPIlce exists among" the nHiou
 tYlIPS of lamps u
ed in that arc 
lamps intruùuce large harmonic:-; into the Iidltin;::- circuit, whilt' incandp..,cellt hl JU l'S 
producp no appreciable distortion. 
Tlw Lalancill
 of a li:.?:hrin:.?: circuit can bEe' a("complished in mallY diffl'rEe'ut ways 
(lpppnelillg upon the spPC'if1e condition
, The silllplp
t g"t'11 l'ral proct'(lnre is uutlint'll 
n hon'. 


(c) POlfO' CÜ'cuits of LrJll'(l' T"oltagps. 
In (.ase of illÌt>rf('ren('e ,,-ith the op
ration of (.on1H1unieation eir('nit
 
hy ('onstallt potential alh
rnating-('l1rrpnt (.ireuit:-; of yoltage lo,,"er than 
tlll
 lÏ1uits 
pl't"ifit'd in the definition of a Claç:s II po,,-er (.ircuit, the 
pal.ti('
 concerned should agree upon rPTIledial nleasures in genrral 
éI('('ordanee 'with the rules re(.onnuended in this report and shoul(l 
('o-()pt
rate in applying :-\11('h 111f1aSnrplo) to the extent that nlay be necps- 
sary. as follo\ys: 
1. 'Yhere practicah]e at rel1sonahle expense. the lines should be 
separated sufficientl
y to avoirl interference. 
C) Co-ordinated systenl
 of transpositions should bp applied to both 
eIêÞifoì(
S of ei rel1 its withi n th(-' S('("tiOll ,,'here the in terferenc'c is 
set up. 
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3, If praeti('ahle, tlw I'psidnal voltage and ('urrent of the power 
eir('uit should 1)(1 r(ì(hu'(ld. 
4. ])ne regard should be given to the insulation and balance of 
n1ctallir cOlnn1unieation circuits, 
5. Consideration should he gÎvpn to the rednction of the high- 
frt'quenry conlpollents of thfl voltages and turl'ents of the 
power circuit. 
XOTE,-The physical }JrilH'iple
 upun which the rules as a \\"hoh' are l><lsed 3Vply 
in ("n

' of pow..r circuits of all yoltag-ps, the ditIerenees lit'ing- only qnantitati\'p in 
J't'sflt'd to tht' 1'pla tÏ\'e jlllpo1'1aur-e of diffprent factor
. 


(d) Cables. 
In ('as(' of indu(.ti\'f' inÌt-'rf<:>rpllec wlH>rt' eith('r tlu-' Po\\'(-'r ril't'uit 0)" 
the ('omnn1nit:Htion cir('uit is (.arried in rahle, consi(h-'rntion should he 

!,'Îv('n to the enlployulent of suell remedial Ineasures, inrlnded ill the 
rules reconunended or otherwise as may be reasonably applicable. 
In sn('h eases, partieular ft>atllres to '\Thieh attention should he 
dil>(lcted, are: (1) lin1iting the residual rnrrent of the po\vpr ('ir('l1Ït, 
(2) halan{'ing the ('olHlIlllnl('ation (.it'('nits if tlw.v are nl(..tallie, and (2) 
tnulsposing th
 eonununi('ation eir('uits. if they, are nlCtallic and in 
open WIre, 
XOTE.-\\rht'rf' cahl('s :lrp n
t'(1 for pitl1l'r powt'r or commnni('ation dreuits within 
Sf'd i(}n
 \\"h('r(' tllPSP two (.l:tsps of circuits art' in proximity, there is, in gcneral, far 
It'ss Iiahilit,v of intt'rfprpn('p, and BUill)' l)]'oyi
ion!'; of tIl(' r('('oIHlllPll(lr.d rulps 81'(' 
Ïllappli(Oahlp. In 
()1I1(' ("a Sf's. I lO\\"f'\"Pr, rpsirlual ('l11'l'Pllts in ('ahl('(1 1'o\\"pr ('i1'('uit
 may 
canSt' illtcrfpr,'ne(-' to pitlt('J' opf'll-wirp tHO eahlf-'rI ('oIHmuui('atioll ('ir('uits. and O)'t'n- 
wirt' po\\"pr eir('nits :,olllt'tinws eausp 
t'yprp (listurhanet' to ('ollununi('ntiol1 cireui1s 
whi('h art:' in l'ahlp. 


(e) Tllephune Suù:'wriù('r
' Circuits. 
In ('ase of induetive Ü1tprfert>nct' hy any eleetrir power cir('nit with 
n1etallic telephone subs('rilJers' cireuits (which ,viII usually occur only 
\vhen the latter are long o}Jf'n-\vire surhurban loops) the parties COll- 
cerned should agree upon a plan for avoiding the interference by 
rpnloval of one of the lines or for mitigating the interfert\nce hy 
l'(-'tnedial 11leasnres. a
 the (.ircnrrlstanr'es nlay rpquire, in genera] 
a('coedance \vith the reeommendNl rules. 


X<)'l'E,-Tplpphone <'Ïreuits fallin
 within this cl:t:-;R are far mort' lìUl11prOU
 than 
1host' inell1(1<--d undt'r tl1<' dt'finition of cOlllumnication circuit-II (d). Ji'ortullah
]y, 

uhs('rihpl's' tplpphOllf' ('ir('uits are not as a rule s('rjou
ly expospd to tIw inftut'nef' uf 
powpr circuits sincp tllf'Y are gNwrally short and are Oftf'll run })flrtly in cahle. \Vhpn, 
howe\ er, they are eXIJo
ed, the disturhing- efff'dR are relativply more se\"el'C on acconut 
of the cluser proximity of the parallel to the subscriber's station. ..:\ parallel involv- 
jng" a suh
cribpl"S circuit dOf'S not affect sO lar
e a portion of thp puhlic as a parallel 
in\"olving- an ilÜp1'pxchange cir{'uit and on !';uC'h a basis the forllwr is of If'SS impor- 
tance, lIowpvpr, this dups not jnstif
T excluding such circuits from all protection 
ag:ainst intpl'ÍprenC'c. Consequently. wjth due ret!.'ar(1 to the l'('lative importalH'e ,of thp 
sPl'vicf' aff('ctp(l, tplPV hoI1 f' sllhsC'rihers' cirC'llits shoul(1 he afTol'<1f'ù such IH'otpctlOn a:-: 
is nf'('('
sary in gPllPral a('(,ol'(lam'p with tht' JH'inciplp!'; g"()\'t'l'nin
 tlIP lIl'otN.tiOIl of 
otht'l' C0l11nHmica1 ion eir('nils. 
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(f) Diru.t Current Circuits. 
In cases of inductiye interferpnce ,yith couullunication cirenits <hIP to 
('on:-;tant potential dir(1ct t"urrent ('ircnits. u
ually occurring only ,,,here 
grounded raih,'ay trolley l"ireuits and telephone circuits arp in 
proxinlity. adequate relll
dilil 1l1PliSUres should be agreed upon and put 
into effcl"t by the parties t"ont"erned, """here telephone circuits are 
involved. in addition to trallspo
ing anù halant"ing such cireuits, special 
('on:-:ideratiol1 shuuld be given: (1) to securing generators and motors 
having a voltage as free as practieahle fronI high-frequency "'ave
; and 
(2) to the u
p of speeial device
 external to the generators, nlotor
 and 
reetifipl's ,,'hieh tend to ah
orb the high-fre<luen<,y currents and thereby 
prevent their appparaUl"e in the line, 
XOTE.-lIigh-frequency components Illay oc<:ur in constallt-IJotential (lirect-cul'l't:'nt 

'ir('nit!'; anù occasionally con
titute a source of interference. This is particularly 
t I'll(' of eleetrified railway circuits which use a hH'
e amount of power. It is tlH're- 
fon' provifll'cl tha t r-ffort hf' madr- to RP('urf' a [)para tus as free as possihle from su('h 
hi;.:-h-frpcIUPl1e.,' components and that if Il('('pssnry. suitahle 
hnnt paths he pro\"idf'(] to 
(.ontillf' tlwst' hh
:h-fl'('()lH'ncy COIlll'OI1f'uts to local circuits. 


(g) Oilln' Cn.'HS of Intcl'f(l'rllcc. 
If (U1\' ('ase of Indu<,tive interferen('e. not othprwi
e cOYf'l'ed l)\
 this 
}'pport. "should be experienred or beco
1e iUllllinent. the partie
 ("Oll- 
u-'rut>d shonld endeavor to agree upon a prOf'edllre for a\Toiding 
},referablr. or if ayoidan(-e be not feasible. for u1itigating the interfer- 
el]('e by applying'. to sHch f
xtt>nt a
 lllay be necessary, the Ineasures 
et 
forth in this r(1port, or by other Uleans, 
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LIST OF TECHNICAL REPORTS. 
rrlle following is a list of the t('('hniral report
 whidl have lwen 
Pt'PI_Hll't>d in cOllllcction ,,-ith the investigation by the tJ oi nt COlluHittec 011 
lndll(.tivc Int('rfpl'pll("p, 'I'll(> reports J'p('olnnwnded for publieation are 
indicated by an a
tel'i
k (*) after the l1urnber. 


Technical 
report Subject or title, 
number, 
1 * GCIlPral out1inp of tpsts to be made at Salinas on parallels l.>l'twepll lines of the 

iel'l'a and 
an Francisco Power COlllvallY, the 'Vestprll Union Telpgral)h 
Company, the South('l'n Pacific Company, and 'l'he Pacific Telpphonc a1l(1 
Tph'
l'avh COllll1a ny. ({) pa
cs,) Dated.J auual'Y G, 1013. 
:!* 
lIl1Jllli\r.v of l'PSldts of testR at l\[ur
an Hill on l)arallcJ hptwcen lilH's of Ihe 
('Oi\Ht CounlÏps Gas and Elpctric COlllvan
 aud TI1<' Pacific 'l\'lpl)holH' awl 
'1'l'lf'
1"fl1)1J (
{11I1Ilnl1V hp1\YPPl1 ":\fol':!nn lIill fIIU] Gilr'OL (S Dages.) Jla1Pd 
Fphruary 3, U)13, 
;
* .A elf-scriptiun of tlle noise standard in use for measuring noise on teJephOJI(' 
cil'euits in tprms of a standard unit. (3 pages, 1 drawing,) Dated :F'eh- 
urary 24, 1Ð13, 
-l* A elpscl'iption of the instrunwnts and methods uspd for the measurement of 
cfff'ctÎ\'e valt1f'S of induced ,'oltagcs and currents. (2 pages.) ] )ated 
F('hnmry 24, 1!J13. 
:)':' A dps('ription of appara1 us and connpdions use(l in measuring line and resil1ua] 
CUl're l 1Ìs amI voltages of lJo\Vpr circuits. (.1 pages, 2 drawings,) Dated 
Fpbruary 24, 1!J13. 
(; Tpl'ts of the effl'cts of opening 1hp fH'cOlHlary d..Jta of the autotransformer bank 
nt 
(dinas, (7 pn
ps,) })atpù :\farch 81, 1Dt3, 
7 'l\'sts uf the ilHJudion in the hJock sig-nalling circuits of the 
ollthcl'n Pacitic 
('olll[lHn,V pa mlJelp(l by 01(' 
aliJ1as-Kin
 ('ity circuit of tl)(, (
oast Yallp,Ys 
<tas awl I

h.('tric COlllpany, (3 ]m
l'f\, 1 (lrawinp;,) natpIIl\larclt ;H, 1fH:;. 

 'I'psts or the ilHlndion in thc ÌI.'lpphoJlc cir('uits of CX1IOSl1l'e No.2 at Halilla
 
HlHlI'r normal opPl'ating ('oIHlitiollS of the vowcr system with parti('ular 
rprpl'l'llCI' 10 t!H' pfIpets of 
I'om\(ling; mHl isolat ing tit.. ll('l1t ra I of t hc 
a liutls 
:tutotl'anSfOrllH'l'S, (JG pag-I'S, 1 drawing',) Ihltpù .March 31, l!}1:t 
!) E
p('rill11'ntal (lptel'millation of tlw coefficipllts of induction for l'psi(hwJ CUI'- 
rplÜs and \'oltag('s in exposure Ko. :! at SaJillas. (4 pages.) Dateil .:\lal'('11 
31. ]D] 3. 
10 l\I('nsllrl'1l1l'1Its of the hHrJ1lonics of the IH'utraJ current at HaJin:1s. (:
 pag-('s, 
J dl'a\Vill
',) Hated .March 31, 1!H:1, 
11 In\"pstig"ation of Cll1'l'pnt tr<111sforlll<'rS, ratios and ('ITOJ'S due to the nsp of ClIl'- 
rl'nt tnmSfOl'l11PJ'S ullder the conditions of the h'sts. (17 p:Jg'e
, -1 drawin
s,) 
I )a1J'el Avril 7, 1B13. 
1:! Formulæ for the cUll11JlItatioll of eledrostatic and elpctromagnetic induction 
from pU\\"f'r circuits in neighboring communication circuits. (1-1 pages, 4 
drawings.) 1)at('(l ,March 31, IB13. 
10. An in n.stig"ation of ('rruI'S in ll1t'<lSnr<"1llf'lltF: of resi(luaJ ,yoUage due to the 
potential transformcrs used anù a ùiscussion of the method of measurement 
at 
alinas, (:28 pages, 
 drawings.) Dated September 3, 1913. 
14 Cumparative tes'ts of the noise ill exvused telephone circuits with power on and 
off the j:),OOO-volt vu\\"('r circuit of thp Sicrra and :::-;an Francisco Power Com. 
pallY bet We(>ll Guadalupc and 
Hlin(\s, (7 pages, 1 ùra wing,) Dated 
April 30, HH3, 



'J'echllical 
rCIJort 
number. 
1J 
uppll'mentary to Technical Report Xo. 
. differing from the earlier report in 
that the telephone circuits were shif'Iàed. Contain
 a discussion of trans- 
pus i tion
. (
:! pages.) Da ted June 3, 1913. 
Tests of indudioll in teh'pholle circuits exposed to the Coast Counties (jas 
and Electric l 'oIllþany's :!:!,UOO-Yolt line between )Iorgan IIill and Gilroy 
with the vower circuit untransposed and open at Gilroy. (4 page
.) 
nated ..111ril :30, 1U13. 
Tests of the inductiun in telephone circuits expo
ed to the Coast Counties Gas 
and Elpdric Cumpany's 22.0UÛ-,'olt line between )lorgan lIill and Gilroy, 
h{'fore and after in
talling power-circuit transpositions. (24 pages, 1 draw- 
ing,) Da ted 
\pril :30, IÛ13, 
Tests of the effect, on exposed telephone circuits, of groundin
 one phase of 
the Coast Counties Gas anù Electric Company's 22,OOO-\"olt three-phase 
(leha-connedpd line, (4 pag-es.) Dated April 30, IHl:1, 
Te:4s of tllf' combill{'d effect of the Coast Counties Gas and Elr-ctric COlllp.W.\ '
 
and the Sierra and 
an Francisco Power Company's circuits on th(' t('If'- 
phOllP circuits in the exposure between )Iorgan Hill and Gilroy, (4 l'a
('s,) 
I 'ated April 30, Un3. 
Tests of thl-' effect on the residual \"oItag"e of transposing the Coast Coulltips 
(;as amI Electric CompanJo's 

,OOO-Yolt line within the e
posure between 
)Ior
.wn Hill and Gilroy. (3 pages,) Dated 4\.pril 30, 1!)13. 
Tests to determine the comparath.e effect on the noise in the exposed telephone 
cÌl'cuits of ha dng' the PO\\ er on and off the Coast Counties Gas anù Electric 
('ompany's 
:!,úOO-volt line between ::\Iorgan I-Iill and Gilro:r, and the effect 
of shieldin
 the telephone circuit ulldpr test b:r grounding other circuits Oll 
the l,'ado (-! pages,) Vatpd April 30, 1H13. 
('omplltntioll of thp cf'pfficif'nts of induction from halancf'd and re
i(lnal cnrl'l'uts 

llld Yolta
(-'
 for the telephone circuits of e
posure Xo. 2 at Salinas. (1;j 
pa.:!.f's, -! dr
win

.) Dated .June 3, 1!)13. 
EXl't'rill\putal df'tf'l'millation ùf the cOf'fficients of ÍIHluction from l'l'sidual cnr- 
!'I'llls amI ,'o!tng-ps, for the telC'phone circuits of exposure Xo. :! at 
alinas- 
11101'(' compl.,tp than TC'ehnieal HJ'port Ko. D. (:!:
 l,agl's, 1 dl'awiu.
,) Hat,',I 
.IUll (' ::;, ] !Þ13. 
· 'omparisoH of computations of Tl'dmif'al H(I{)ort Xo, 2:2 with t'x!Þ('l'ill1Pllfal data 
of '1\'chllical }tr'vort So, :!;J, (10 page:.:, G drawin;:.s,) Hated 
C'pt('mlH'r ::, 
1!Þ13. 
T..
t!' nf imluction in telC[)hone circuit::; in e"\:pOSUl'e hctWC'C'Il 
alina!'; aIlfl King- 
('ity under normal opl'ratin
' conditions, with the neutral of thp 
alill:ts 
antotran
furnlf'rs 
round('d and isolated, t:!O pag'es.) natf'd .Tune :
, un:;. 
T.'sts of accuracy of measurement of residual currf'ut hy certain currf'nt. 
transfol'nlf'rs, (3 pa
es, 1 drawing,) Dated .Tune 3, In13. 
T('
ts of induction in telcl)hone circuits in pxposure 
o, :! at 
alinas \\ ith the 
XOl'th Beach steam station energizin.
 the 
ierra nnd San Francist'o PO\\ f'1' 
('ompauJ"'s linf'. 
uppJf'mentary to Tpchnical l1{'ports Nos, 8 alHI 1:t, dif- 
fPl'in
 in the scurces of supply of the poWt'r s:rstem, (:!1 pages.) Va t('tI 
.T nly 14, 1U13. 

llIJplementar
 to Technical Ueports Kos. 8 and 1::5. Yoltage Jowered ::; per 
cent at the (jnadalupe autotransformers which supply the power circuit. 
(:!O pagt's.) Dated September 3, lû13. 
:!
.* Ðptermillatioll of irulwl!allces of lines, by computations and by mea
urements- 
numerous cur\ e sheets and tables, (:!(; pages, 3D drawings,) Dated )Iay 
4, 1914. 
Tests of induction in telephone circuits in exposure Xos. 1 and 2 at 
alina!';. 
with the neutral of the 
aIinas transformers grounùed anù isolated, (10 
pages.) Dated September 3, 1û13. 
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'J'eehnical 
J"(
port 
number. 
:
1 
uPl'leml'lltary to Tpl'hu Ï<:a 1 Ueports 1\os. 8 and 15 and morp cOlllllletf'. 
Iucludes tests with Salinas neutral grounded and isolated and with telephone 
circuits shielded aud unshielded. l2û pages.) Dated September 2, 1913. 
SUlJplemell tary to Tt:'l'hllieal HC}Jort Ko. :!3, (22 vages,) Dated September 
3, 1013. 
Indl1diull in tt:'st lpads uspd at Salinas for conllecting testillg apparatus to the 
circuits of expusure ::\0. 2, anù the etIl'ct of such on the measurempnts of 
the illílnction from the exposure. (20 pag"es.) Dated September 3, 1913, 
Effpct of changes iu the insulation resistance of the telephone line on the 
iwluction in tt:'h'phone circuits of eXlJosure 1\u. 
 at 
alinas. Also supple- 
meuts rl'edlIlicul llelJorts 1\os. 
, ]5, and 31. (:!
 pages, 2 drawings,) 
Dated SeptPmher 3, ]
n3. 
(:('upr:11 outline of tests to be waùe at 
allta Cruz 011 the para11pl hetween IÏlH's 
of the Coast Counties Gas and Electric Company and T'he r
lcific Telephone 
and Telpgraph Cornpëlny. (4 pages,) Dated .July 14, H)13. 
lwluetion in tl'I(,
Taph circuits of the "T('stern Unioll rrelegraph Company :lJJd 
tIll' 
outhprn Pac-ifi(' ('ompnny in PXI)O
Urp l\"o. 1 lwtween 
nlinas awl 
all 
.J OSf'. (
pap:('s. ) ] )a tNI 
('vt('mbcr 3, In13. 

()is(' tpsts on tp]cphone circuits radiating from 
alinas, with tllP Ilt'utral of 
tlU' 
Hlinas autotransformers p:roundpù anù iso]atp(l. (-1 page
,) Hatl'd 

f'ptcmb('r 3, J
n3, 
:;S.;; (;eneral re\"ie\v of tests at 
alintls. Sumn1al:izilJg rel>orts 14 G, 7, 8, !), 10, 1_1, 
l:!, 13, ] 4, I::>, 2:!, 23, 24, :!:>, 2G, 27, 28, 30, 31, 32, 33, 34, 3G, 37. (G:! 
pages, 1 ùrawing,) Dateù October 13, 1û13. 
üpnpral considpratiun of trans}lositions and a study of the r p sults to be 
f'xl'f'cted from the application of yarions transposition !Schemes to the Ranta 
Cruz-"YatsouYi11e exposure. (2Û pages, 5 drawings.) nated December 15, 
10]3. 
-40:;: )[pthod of meaSnrClllPnt of capacitance and conùuctance uuhalancps. (1 
lIa.
'(', 1 drawin
'.) Dut('(] DeceruhC'r 15, 1913. 
.tl* 11:nmollie allal:n"i
 of altpl"Iwtil1g C"HlTPnt ,,,a\'ps lIy ()
dlI(J;!"I.aph m)(1 J'f'SnJWllt 
shunt. Compal'i
ol1 of the mcthoùs. (:!7 llfigl-'S, 3 drawings,) Datl'd l\far('h 
1 (), 1 D1-t. 
.J:!* Inn's! i
';1 tion of tll(, eu IT('llt tram:fo1"m('l'S in use a t 
anta Cl'mr., to dderm1JH' 
f1H'ir J":ltim; of transformation awl suitability fot, l'psidnal CU1")"l-'l1t lll(':lSUl'P- 
1II(,lIts, (:.!!) pag'ps, n dnlwillgs,) Hated JauuHl'Y 
f), 1n14. 
C hit litH, of tpsts to dC'tpl"minC' thc t'1l"p(-f of ('xtraJwom: ('mTpn1 on 1111' 1l1tpl- 
Ihdhility of telephone con\'C'l'sation. (7 pages, 1 drawing,) Dated l\larch In, 
Hn4. 
.
I IlHhH'tioll in th(' tp]Pph01lP ('il'cnits of th(' 
allta Crl1z-'Vatsoudl1(' ('XI)()SHl'(' 
ilJ1d in 1h(' tpst l('ad
, from sources othet' than th(' 2
,OoO-\'olt lil}('. (1
 
lmg-('s,) Dr! ted l\f arch 1U, lû14. 
I!Þ !JH1!H'tioll in the tpJf-'l'honp (.ircllit
 of the 
allta Crnz-"Y
\tson\'ill(-' f'XPOSlIl'l' 
lIJu)Pl" ('oIHIIH-'l"f'i..] Olu'rating" ('o1H1itiom;, with the ori,g-inal transp()
iI ions in 
hoth })owpr awl t(']pphulle Ii))('
, (1;; pag-es.) })atc(l J\rarch IH, 1n1--1:, 
1(; 
ll}lplpmpnÜ\r
' to Tpchnical U('port :Ko, :m, ...\ study of ad(litioual traJ1J-;})osi- 
tion scll('me
 fur the 
anta. Uruz-"YatsondIle cxposure. (12 pages, :! (h.aw- 
ings.) Dated 1\1ay 4, 1Û14, 
47 Computation of the cuefficients of induction for balanccd and rpsidual currents 
and ,'oltagps fur the 
ant11 Cl"llZ- 'Vatsullville exposures. (13 pagps, 2 draw- 
ings.) Dated 1\Iay 4, ID14. 
..f
 EX}Jr'rimf'nta] df'h'rmination of coptticient,; of induction in the Santa Cruz- 
'Vatson\'ilIp pxposurp, with the ol'i
dnal transpusitions. (4:! pag-es.) Dateù 
:\Iay 4, lÛ14. 
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Tt'chnk.11 
r{'pOi t 
number. 
4
' Furtlwr {'xl,,'rimelltal dl'tprmination of COf'tlieit'nts of inductiun for ùalancl'd 
'"olt<\ge
, in the Santa l'ruz-"ratsonyille e-x:posure, with the ori;.dnal trans- 
!Josit iun
, (13 pagf's.) Da ted 
Ia:r 4, l
n 4. 
;ïo$ 
tlld.r uf the influence of various transformer connections and flux d('n
itic::; on 
tllf' third harmonic and it::; multiplf's in a thrpe-phase circuit. (lð l,a
p:,:, :! 
dra\\ in
:-:.) Dated OctoLer U, lUl:1:. 
;-,1 * Ht'sidllal voltage due to the line unlmlance of IK>Wf'r circuits isulat..d from 

.ronlld, Effect of cirt:uit configuration transpu:,:itiuns and fn'4.tllelley. ((i
) 
pages, :J
 <li'a wings.) Dated Sl'ptcmber 3 0 , lU1G. 
* )Iemorandulll supplemcnting TcchnÍl-al Heport 
u, 51. (:! lHl
t'S.) Dated 
Ft'hrnèlry :.!ð, In1,. 
* 
It'lIlOr<llJ(lum snlJl'lt'IHt'lltin
 Tt'c-hnic.al Ht'}Jort Xu.:Þ1. (:! l,agt'
, 1 dl"awiu;!;.) 
Vatpcl .July Hi, 1!:J17. 
?í:!* Uesichwls lH'UlIllC'f'cf LJ a g-l'oUlul on oUI' :vlwse of a lIurlllalIy i::;"la hod t hl't't'- 
I..lt.l:--,' sy:-:tt'IIl, (.:!H IH1
es, :! dl'awin
s-. 
 I ).d.-'cl .1ul,\. :!.'. lHl:t. 
$: ::\It'lJlul'.lnùuUl RIlIJl,lpllwnting Tl'('hllieal n"l,orl 
o, ;J:!. (-4 V.1gps,) ltatctl 
.July 3, un,. 
111 ve"tig.l tion of CUl'l'('nt transformers-
an Fernando, (" pages, 1 cll'awing.) 
})a tPd .T uI)" 
H, 1 t
I
. 
fJ4* 
an FerlHlnùo-:--oruis p.u.lllei. Experimental determination of coefficients of 
lungittH1inal induction at ;-,0 c:rclf's, Efff'ct of tram;po
itiolls ill POW('l' cir- 
cuits, (3u pages.) Dated October 1, 1V15. 
;-..ï* Experimental determination of coefficients of induction fl'om rp
iùuals at 
tt'lf'phonic frequencie
-Efff'et of admittance unbalance. Han .F'prnando- 

omis parallel. 
:!tJ page::;, G drawings,) Dated January 7, 191(;. 
;-,,)* Dt'termination of coefficients of induction in a short section of the 8.111 
Fernanùo-
omis parallel. )leasurements and computations. Efft'ct of tele- 
}JIWllf' transpositions. (41 pagps. G drawings,) Datt:'d Fehruary 10. Ht1 Ii. 
n..tf'rmination of coefficients of trans\"er::;e induction from residuals at teJe- 
})hollic frequencies in a short 
ection of tbe 
an Fernando-
()mis pàraJlcl. 
(
 l,agt'S, 0 drawing-s,) Dated Febl'lwry 14, 191G, 



* Inn.
tigatiun of putential transformers for residual ,.olhlge nwasurenwnts. 
(-12 lJagf's. 4 drawing:;;,) Dated .\.pril 14, 191G. 
;-,!t* Hplation of triple harmonic residuals in a transmi
sion line to the magnt'tic 
density in connected transformer banks. Effect of the line cl1ar<.lctt'ristÏt-s. 
(Ul pages, 14 drawings.) Dated September G, 1D16. 
UO- Triple-harmonic residuals as affecterl by certain typf'S of threP-pbasè star 
connection of transforme
, (24 pages, 4 drawing-s.) Dated July 2U, 1U1G. 
.)1 * 
Il'asurements of ref'irluaI voltages and cnrrents of several transmission systems. 
(
!) pages, 1 drawin
.) Dated .Tuly 29, IDI6. 
(;:!* Double-frf'quency ,'oltages and cun'.
nts in a three-phase transmiss.ion line. (13 
pagps, 1 (hawing,) Dated )'Iarch 18. 1916. 
G:;:t: 
tandard form!': for recording- data and computations. (2:2 pa
æs.) Dated 
::\Iarch 8, HH6. 
(;-1* Computation of induction between parallel power and communication circuits. 
(4() pages, 1 drawing.) Dated August 4, 1916. 
H:Þ* f'oefficients of induction for cummnnieation í'ireuits paralleled by thrf'e-phns.. 
power circuits. Yariation with relati,e position anJ configuration. 
:Þ-I: 
pages. 214 drawing"s. Ð::! tables.) Dated January G, 1917. 
(;Ii* ("o-ordination of translJosition systems for power and tf'lephOI1f' cir('nit
. (t):
 
pages, 19 drawing-s.) Dated January 6, 1917. 
tiT* Xotf'S on thf' tran8position of power circuits, and prÍ\.ate teleJ)honc circuits. (!J 
pag-f's,3 drawings,) Datf'd 
-\.ugust 14, If)]7. 
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Techllical 
rl'IIUlt SlIhj('('t or title, 
Hum her. 
tj:--* EtL('('Ì of jll'ot('dl\P ;':'To\ll1(1 "ir<'s of ],'I)\\"('l' lint's Oil illduetÍoll ill )):\1':\11('1 
l'oHlHlUuieation circuits. (7 pagps, 1 <lr:n\"ÏJlg',) ]):ltl'd .Tune 
S, HU7. 
(iO* Hplation of CUl'rf'uts in tN'minal fi]l}la1'atuR of telf'g-raph circuits 10 indtH'ed 
voltages anù location of pal'aIlf'I. lS png'(><o;, :! drawings,) JJated .Tuly 1!), 
1!H7. 
íO* The relath.e importance of the volt-mile (electric induction) and the volt 
(magnetic inductiun) in causing interference with tf'lephone circuits. (1u 
pages, 1 ùra wing.) Dated August 17, 1917. 
í 1 * The infhll'llCe of ,va ve-form Oll the detrimental effect of induction. (11 pagN;;, 
1 <1rawing,) Dated ....\ugust 10, lU17. 


'l'hr following I'()ports, tct'11nical in chara('tcr, \rrre prepared at the 
l'('qlt(

.;t of the 
Joillt Comn1ÏttC'l), hnt outside of it..; ol'ganizatioll : 
Tt'stx t3 ùl'tf'rmine the cff<\ct of C'xtraneous f"U l'l'pnt of sing'lp t"rNllwncy on 111(\ 
illtpllig-ibility of a tl'lpphone con,'el's:Üiun. (1
;]I:l,gp
, 1-:1. ùl'awing
.) 1>> a t 1'<1 
] )pcl'ml)l'l' 
2, H)l-l, Laboratory investigation by Engineering VCl'artlllt'ut 
úf .American rrelephonc and Telegravh Company. 
T,.stx 10 dl\tf'rllline the effect of p\:traneon
 sin;.de frpCjlll'nf'Y current on 1('le- 
graph transmission, (40 pages, :.m drawings.) Dateù Sevtcmber 14, lHlG. 
.Joint laboratury inn'stigation by l'n;.dnf-'pl's of tll<' \rf-'stf'rn Union Tplp,
raph 
Company, the Pustal Telegraph-Cable COlllpany and the .American Tclel'honc 
anù Teh'graph Comvany. . 
The dpyelopment of balance of telephone circuits. Practice of teJpphone 
COI11Inlnies in balancing their lines anù apparatus as a means of reducing' 
induction from fOl'ei,gn circuits amI 01111'1' tell'phonc circuits. ((it ]mgf'S, 20 
d";l\\'inp:s,) f)atl'<1 .Tmw l:i, ID1:i, HuJllnitl(>(1 h.\ .\, II. Uris\Vol<] OIl hl'Jwlf 
of t hp tp!t'phone int(,I',\
1s, 
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.t\PPL'\I)I
 III. 


COMMENTS ON THE REPORT OF JULY 7, 1914, BY THE JOINT COM- 
MITTEE ON INDUCTIVE INTERFERENCE TO THE RAILROAD 
COMMISSION OF THE STATE OF CALIFORNIA. 
The illYt-'stigation" f'ondul'tp(l since th(> issnanre of the prl'Iin1inary 
report in 191-1- hayp greatly extf'ud(>d the detailed .knowledge of the 
\
arious faetul's affecting induetiye interf(>renee. and haye disclosed a 
f(>w lui,,,,tntt-"Hwnts in tlH' fOrlllf'l' rt-'poI'Ì- Tht-> nt'w lnattt'r is ('olltailH'tl 
iH Tp{"hni('al Reports Xus, J 1 fJ., listl'(l in ....-\ pp(
lHlix IT. The pnrpos\
 of 
this appC>IHli x is to ('OlllllH-'nt on ('Pl'ta ill statl'lìwuts of the pl'eliIn i na I'Y 
I'Ppol't and to ('01'1'(>(.t InisstatelllPnts. 
In 
\ppt'lJdix I of thp fOl'JHel' l'PpOl't in the llt'xt to thr la"it pal'agTaph 
(OIl page 
l):I:. in'l'''\tigatioIlS Hl't-> l11t'lltion(>tl. to he (.ondu(.tl'(l hy 1 ht' 
.\lll(>l,j('an T('lpphollP and TpÌ(>gTaph COntp(1l1
T. 'Yl 1 sh'rl1 Union Tele- 
gTaph COJllpany and Postal Telegraph-( 
ahlp (
())llpany. 'fhe l'l'port
 
upon thpsc inv(.sti
'ation
 h
1\'e bC
l1 l'l'('piyp(l and are list(>d in 
\ppendix 
I r of tIlt' pl'(->
f'llt report. 
Iu 
\ppt'lldix I I of the fOrllH'r r('pol't ul1ll('r .. :3. )1 ('(1 no,,; for l'rt'Y(
llt ill
 
OJ' Rp(hu'ing Residual 'Toltag'ps alld (\l1'l'(>llt
' '-fifth pal"èigraph. lillt
 3. 
ß' (h('ginn iug- in t h(' ,ixt It I ÍlH 1 frmn t h(l hottOlll of pag't:' 2K):I: it i:-; sta tetl 
that" ,Vïth a horizontal arrangeluent of (.onductors. the capacities to 

'1'011l}(1 are Hlorp nt-'arly f'qual than with thp triau
ular or vertit'al 

nTallgf'nlent." 
\s shown in Tf'('hnical Report .so. 31 (see abù tht' 
(..xhibit of Part 1 II of this report). the fa(.t is that linps having tJH'ir 
('oudu('tors in a plan('. vertieal or hOJ'izoutal, prt'spnt the ""orst unbal- 
èllH'es of ('apaC'itaneeo;; to ground expprien('Pti with ordinal'Y configura- 
tions. Brif'tly. thè trian
n] a1' ('ollfigura tion is in g('npral the be,,,t 
halau('cd: vertical anli sYlllluetrieal horizuntal <:onfigurations are v(
r.'" 
nearly alike with B1Ut"h grf'èlÌer unhalall('es than the triangular. and a 
littl<> bettpr than th(' nus., ltllnetri('al horizontal. whie'h is the "'orst. 
\Vith respe(.t to the relnainder of the :"taBle paragraph, investigation 
has sho\\-n that the ., elel'trostatic ('apëH.itieð" fir( ,. the controlling- 
fal"tors in detenllining the residual voltage and current of an isolated 
Systf'lll under Bonnal operation" ,,-ith proper insulation; anù that 
"properly spaced transpo
itioll"'" a rp ., substantially effective," thus 
confirming the statenlc>uts preyiously lllad('. 
It should bp noted that with a grounded neutral (:-ire sceond para- 
graph of pag
 

)) a rt'"idnal ('urrent exists ('orre
J1011àing to the residual 
voltage of tllf' isolated 
ysteln. and i
 sÌInilarly eontrollable by tran.-;posi- 
tions. This l11att(-'r is diseus
E'd in Tedlniral Report Xo, 51. 
In Appendix III of the fonner rt>port. under" 1. Effect of Trans- 
positioll
 in Reducing Induction." fourth paragraph, the ,,'ords "series 
illl pedance" should be added hefore the "word ,. en pa(.i ty" in line ] () 
(the 11th line fron1 bottonl of page 3:2),:1: so the sentence \yill read 
"The voltagp induced alollg the conductor:s of the telephone circuit and 
the induced voltage to ground ,,"ould be pres("n t hut ,,'ould not be 


.Pag-e rderenL'('s are to edition of l'('port puhUf'ht.ù by the California State Printin no 
OrtiCl', 1914. M 
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('ffl'etiyc in I)}'odtu'ing' any yo1tag-c hetween th(1 eOllduetors of the tele- 
phone ('ireuit, IH'o,Tidt'd thp HCl'ies inl})p(lè1Jlr(', eapacit.v Hnd leakage to 
ground of each sidl) of the tt->lephone cireuit "T
rr equaL" 
In the sanlf' A Plwndix, in thf' next to the last paragraph of "1. 
Efff'ct of Transpositions in Reducing Induction" (page 33):1: the word 
" lIot" was olnitted after "ean." Thp first spntence should read "If 
the ('olunlUlli('ation circuit hf\s a ground return, it ('an not be trans- 
l'ospd and thp power l"irruit transpositiol1s alOIlt' (r
ferring to 
transpositions) will lw pffprtivp ill redtwing illtpl'fel'pIH'() êu'ising' fronl 
h:tlalH'pd l'nl'l'ent
 alH1 voltages." 
\Vit h thl' fOl'(lg-oi ng (' ha ngps. t hf' (1 i
("nssion giVPll ill Ulf' pl'elilninal'Y 
l'l'purt j
 ('lHlsidl'I'pd 1"01Tl'('t, t hough In Ill' II nlOrt-' eOlll plptt' discussiuns of 
various of its topi(.s arl> to hl' f()lllhl ill the 'l\l(.hllil'al }{pports. 


'" Page l'pfprt--'JH't-'S art' to t-'ditioll of l"t-'pnl"t puhlished hy the California State IJrintiug 
c )ffke, 1914. 
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APPEXDIV IV. 


BIBLIOGRAPHY. 
In the ronrsp of it, inycstigation t hfl Conlll11ttee has (.ollt'ctfld n Ulller- 
Oll
 refer(-'n('(',,; to the puhlisht-'d }it

ratnl'f
 of suhjp(.ts related to its ,york. 

\ ]i
t of ...;l1<.h l'pfl'I'(>l1l'('S ,,-hi('h dl&al dir(}('tl.\
 ,,-itlt ind,u,tive intprference 
is 
iYt'n b(}lo\\ for tlw lh'lletit of tho:-w interpsÌt
d in fUl'thpr :-:tudy. 

ranY di,,
thSi(Hl
 on rl}lated 
Uhjl"}(.ts, suell a:-: tl'è:lll:-:fol'llu>r ('onne
tio}]s 
and dl:"ign, switdll's and switc.hing. prote(,tivc d(ìyi('l'
, wèlve-forlIl of 
l
lf-'(.t ri('(1 1 pow
r appara tu..;. linp ('onst I'uption, tp l()pholl(, è1 ppa ratns. l'tf'.. 
)}U1

 bl' fonnd in tt'xt hooks. pl'lIc:ep( lin

 of 
oeil'tie
 and [wriodirals, 

o att{&lupt }w" hh"'tl llHldl} tu Í11(.Jn(h) su('h l'efl>rl'll<."es here. 
It will. of ('0111'.'('. he understood that the Couuuittt-'c in no ,yay 
('xpre,..;..ws opinioll J'l',-,p<'l:tin!.!' staÌl'nll'nt
 lnade in the dis('us-.;iollS liðted, 
ln
 rl
ff'rrillg' to thf>Hl here. 
. 
 \ ]ist of refel't'll('PS l"Oll ('l> l'll i llg' t II(' efft'ct of t l'anSfOl'lHf'l'S on the 
wHy(}-fnrlll of ('UITf-'llts nud ,
()ltag-('
, a
 intiuC'lll"ed h
- llHlg'llf>ti(ò :-;atul'(-)- 
tiOll. i-.; giYl'n in 'Tel"hui('al Rl'port Xo, 3D; and a list of refercncf''-) on 

he l:Olllpntation of p}Pttrie in(lu(.tiun in Te('hnical I{eport Xo, 6-1. 


'nductive interference-General. 
InductÍ\ e Dh;turhanc
\
 in Telephone ('ircuito;;. J. J. ("arty Tran
 
\.. 1. E, E. 
YoJ. ."'ì. p. 11-1. 1 
n1. 
Transposition awl Helai h'e Location of Puwer and Tl'lephune "-ires. P,)I. Liu- 
coIn, Trans. .\. I E, E. YoJ. :!l. p. :!-1:i, 
\l'ril. H)o:j. 
TI'all
l)o:-;itiol1 of EI,'drieal Conc.luctor
. F. F. To,,-Ie, '1'1'<111:-;. 
\. 1. E. E, YoJ. :!:L 
p. f j;j!), ] !)I).!. 
l'roh'dion of Telephone and Te1e:.!.l'aph Lint",;; ll('ar IlÍ
h TCJI:'\ion r iw':-:. n, E. 
( '11P1 wooel. .1 r. EI('drit-a I 'Yorlel and EIl
illP('r, 
I èlY :!1, l!H 1-1-. 
TIll' I II thH'll('e of II i:!h Teu:-.Íoll Conductors on Telt'phone Lilll';;;, F. 
dll'ott k('. 
1.;".1\:. Zpit,. 
\pril 1!Þ, 1!tO., 
Iwlueth p Hist1lrhauC"Ps 10 TclepllOlw Linl'<::, J, Cohen. Trans. \, 1. E. ]:. YoJ. 
:!Ii. p. 11;);), 
Iè\r, ]!Ioï. 
J :Ifp"t" of lli
'h TCll:-.inn It lmer Trau:-:mi:-....ion rpon Tl'lplllioue J illt':-o:. O. Hi'allll". 
Elpk. Zt'it., ....\priJ !), 1 !MJ-" 
IlHlncth-e Intpi'ft'I'l'llce with Telel'honp (,ir(.nit
 in Pro
il1lit
. to I1Í
h Potential 
Tl'all
mi:-:
inn Lines, Electric Ue\'ip\y. Xe\\ York. .June 1:
, l!HI..... 
Inductive DisturbalH'C's, )firabeli. Journal Telegravhiquc de Bpi'nl'. 
\11;!114 :!;j. 
InOD, 
T,'I(,
Taph anù TdpphollP 

-stcms as \ffeét('d hy 
\Jt(>ruèltin:: (1 n l'rent LinC'::,. .T.};, 
Ta) lor. Tl'allS. 
\. 1. E. E. Yol. :!'. p. ]llÎ!). Octoher. ]!'O!), 
InllndiH' EfT,..ts on T('lpphonp and Tl'll'
'raplt of Hidl Tpll!':ioll :,p;tPIH of T:hi'lli:-:h, 
l'rl1
sia. 
\rl:h, Pos;:t. & Tel. Xovembt\r. HIO!). 
cieuc(-' abstracts "n:' .TalluHI'Y 
:n, uno. 
Telephone LilH& Protection from Ili
h Ti'nsion Tl'<lu:-.mission LiLW
, R."
 Krau

, 

iù, Journal of EIJ
ill('('rin
, ] )p"embl'J'. l!tfy'), 
Iudnctin
 I>isturhanct's. ::\fullC'r. Journal Telegrapbiquè de Berne, )r
uch :!:í, 
lU 10. 
Tell.'phoup lJisturl.Hu(-es frllm Eartlwd Thrc t -Ph
1:-:l' :'ystl'm
, E. Yon IIolsteiu 
Uarhlou. Ekk. Zeit, June 

, 1910, 
InfluPllCf> of High T(,ll
ion Installatiuns on Teleg-ravh and I','I('pholll-' In:-;talIatiün
, 
Elf-... tl'je Hp, it'\\", Xf'W York. .Tune JO. ]f)10. 
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Iutl'l'fereuce 1 :etwe{'u Ellel'gy Tl'<111Smission Lint'
, L'Úlldon Electrician, October 2
, 
uno. 

\ )lethod of Preventing Inducth'e Troubles in Tl'legrallhy. n. Girous
è. Comptes 
HemIns, July 10, 1D11, 
lufiw'uct' .of Ilt'a vy CUITt'llt Liut's on Lig-ht (
uIT(>nt Linps and ...\pparatus. Karl 
IIohagf', Elt'k, 
pit.. ] )P('l'lllhp1' .2'-', ] nll. 
Thc )Ia intenance of Tl'll'gral'h Linps, C. 1\I. Y o1'1\:e, Telephone am] Tel(,
Ta1>h 
...\gf', IH1:!. 
Indudivc Disturbanl'(' on Tt'IC'phonc Lines. B. :::;mith. Telephouc Eng-incer, .Jan- 
uary, 1UI:!. 
Interference bPt\YCPll Trallsmissioll LÍlll's ana '1'plcg1'3 ph and Televhone Lines, 
Electrical "T orId, February 24, ] ü12. 
Protection of Low Tension Lines 
\gainst High Tension Liul'S. )1. GiroussC'. 
Hull. Soc. Int. Eleetl'iciens, J Hne 1::!, 1!)1
. 
J:C'lation of 'rrnnfo;lllis
ion Lirll's to 'rclC'VhOlW and Telegraph Lines. II. U. Gear, 
Electric Heyiew and \Yestcrn Electrician, February 
, JH13. 
1 >istul'bance of Telephone Circuits Vue to :J-Phasl' 'L'l'ansmission LilH'S, U. nl'nnm
. 
J.jlek. Zeit., February 13, 1913. 
Tplpphone Disturbances from T'llree-PhasC' Line<;;. O. Branns. Electrical 'Yorld, 
Fphrunry 22, 1D13. 
] )istul'hallCe to Telephone ('ircuits from PU'\H'l' Lines with awl .without Grouneling of 
thp (;pl1('1'ator Keutral Points. ]'
lek. 
eit.. )Iay :!
, 1f)1:1. 
IwhH'ti\'(> J )j
tn1'l>allcPs as 
\ffpdillg T('I('pllOlIe awl Telpgrnph Liups, P..T. Ill)wl'. 
Nlp(.tri('al ',"orIel, :\[êl
. 
n, 1HJR. 
Illt('l'fpl'''Il("f' with eOWPl' awl TdpllhOll(> LÌ1H\S, T<j}N.tl'ic nl'\'ipw ane] \\'p:o;tl'rn 
Elt
c-tri('ian, .J1l1l4' :!S, 1
11:;. 
J IIdlll'tin' Etr,,(.tx of Tl'i,\"..lill
 \,"
\\'I':; 011 '1'..1"\111011(' Lilli's, K. ,y, \\Ta
lwl'. EI..1.., 

t'it.. .JUllc 1, lUl-l. 
11I\'t'stigatioll of Iwh\l'ti\'l' rlltl'l'fel'l'lWI'. ]1'. ],
, P"rllol. .'0111'11:11 of EI,'dl'it'ity, 
POWPl' al1d Ons, .lullc :!T, I!U-l. 
Xt'lltralization or ]IH]Ul'ti\c Illtpl'fl'r('llcP. .Journal or EI"dl'icity, 1'0\\'l'l' :\JHI nas, 
Xov('ml)('1' :!l, lUt-l-. 
Tpl('phOl)(' Tl'all!-;U1i!-;sioll in its H/'lation to ] Jig-h ')'pnsion DistL'Íhl1tion. E. 
. 

,rOOrPl', The London Eledrh'iall, .Kon'mbpr 
T, HH-4. 
Tit.. 
ll<'('('xsful Up('l'atioll of a Tclepholll' H,n.:tcm l'al'all('lillg a 11 igh Tt'llsion Trans- 
mission Line. C. E. Bellnett, (Jeneral Elcr-tric Bedcw, ])ccpmbcr, 1!U 4. 
POWC'l' Circuit Induction with Telcgraph and Tplephonc. S. C. Bartholomew. 
London Electriciau, J anuary 
9, 1D13. 
P(nn'r Circuit [nterferpuce with Tf'lephone Lines, S. C, Bartholomew. Tl'1ephone 
Engineer, April, 1D];:). 
The' ImIn(,tin' Effects of a 140,000 YoU Transmission Linc, n. D. ParkC'l". 
rhc 
)[ichigan TC'chnic, ()ctohcr, U)];). 
J wllleti \"C,' 1 ntcrfprC'ncf' Hf'tWPC'll Powf'r Transmission CÍ1'cuit
 aIHl Telf'vhollc Li}H'
. f 
Trans. 
\. 1. ]
, E. Y 01. iH, p, :!IJ3, 1B1G. 
I row a Tr:HlSlllis
ioll ('oll1})any Pl'evl'llted Teh'vhon(> Troublcs. F. E. Gilll'spiC'. 
EIC'dl'il'al "Todel, ])ecf'mbf'r 11, 19]5. 
I )I'
i l'ahility of Transpositions in Power Liue's. K, ].
, L. ...\. Dullctin, 
\pril, If)1 n. 

()llle' Pl'oblPIUS of Inductive 11lterfC'l'encp. .A, lJ, Oriswold, L. P. Ff'lTis and H. 'V. 
:Hastick. Journal of Eh'ctricit;r, Power and Gas, April 1:), U}IG. TelC'phone 
Enginf'pr, 
Iay, 1D1G, 
Causes of Tel('phollC X oisc and Its Elimination. EIl'ctrical 'Y orId, June 17, 1Dl G. 
SC'rvÏng and 
afl'g-uaI'diug the Puhlic. J3'. C. Dunhnr, Ohio N. E. L. ...\.. )lonthly, 
July, HUG. 
IndnctÍYe Interference as a Practical Problem. A. U. Griswold and U. 'V. :Mnstick. 
Proc. .A. 1. J1J. E" Spptembe1', J 91n. 
Eliminating 'rl'ansmission Line Telephone Troubles, Jij. P, rcek. Electrical 'Yorhl, 

C'ptcmber Ü, 1916. 
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III tCl'fprl'Jll'(' Hl't \\ e('n EI
<:'tric Ci rCl1 i t
. Electrica J \\Y orld. Dcccm IH'l' 
:1. 1!)1 G. 
'rJ'aJlsmis
ion Lines Interference. L. K IIurtz, r:relephoJlY; Dp('prnher :!:
, HH r., 
Inùncth e Interference-Report of COillmittee on O,'erhead Lines and In(ludÌ\"e 
Interference. 
. E. L. _\" June, 1917. 


Interference from electric railways. 
)\eutl'alizing- Inclucth'e Di5turbanccs in 'J'ell'
l'aph Lines ])ue to 
illg-le-Phase ClIr- 
r('nt
. "-estern Electrician. ::\Iarch 21. 1fJUS. 
Imll1cti\'e Interferellce from 
lI1
le-Phase naih\-a
' Circuits. 
\lllerican Tclevho ue 
.T ournal, .Tune :!7, 1908. 
f1\"ercoming' Histnruauc('s of Tell'
raph "Yorking Caused by Electrical Traction 

,\'stf\m. C, )[ir,llwli. Po
t ()fIke Electric.ll Engineerill
 JOl1rnàI. January. 
1! tD!l 
Disturbanci's in T('lí'phone LÌI1PS from _\It('rnatin
 Currf'nt HaiIwnys, C. Stein, 
Elek. Zeit., _\ugust 1;), 1912. 
TclephoDf' Disturùauc('s on ElpctrÍcal Hailway Lines. F. )[ãrguel'1'(', Elck. Zpit" 
Xo\"ember 
1, 1!112. 
)Iiuimizin
 Induction from 
ing-Ie-Phase Hail ways. Electrical 'Yorld, 
Iay 2. 1!H4. 
Inductive Illtf'l'ff'l'ence "Yitl1 Raihyay Line
, r.,o'mlon Elpctrician, JalluarJ 7 
n, ]!)1;), 
InfhH'l1cf' of 
\ltC'rnating' Currpnt Hailway Lines on Telppbone Linps, Telephollc 
Engineer, Xovf'mber, 1!H:>. . 

ingll'-Phase Traction and F('phle Current Lines, G. Girous:-:c, La Lumiel'e 
Electrhjue, Xo\'embcr 
Û, 1
13, 


Publications by the Joint Committee on Inductive Interference. 
llllluctiye J 11 tf'rfeL't'llce hy IIi:dl Tension Lines. J onrnal of ElcctricitJ', Power awl 
Gas. .January :!:}, 19]3. 
Proposf'd Inn)!õ:ti
ation for Inductive Interferencf'. .TournaI of ElectricitJ', Power 
amI Ga
, )Iarch 1:). HH3. 'Yestern Engineering', 
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G('l1pral Progre5:<::: Heport of Committpe on Inducth'e Interference, Journal of 
Ele(otricit,v, POWf'r and (jn
, Octobf'r 4, HH;";. "Yestern Engineering. Xo\em- 
her, 1013. 
Geueral Progrts::; TIeport of Joint Committee on Inductive Interference. Journal of 
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